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ON  THE  PRESENCE  OF  CHOLIN  AND  NEURIN  IN  THE 

INTESTINAL  CANAL  DURING  ITS  COMPLETE 

OBSTRUCTION. 

A  RESEARCH  ON  AUTOINTOXICATION. 

By  BEATTIE  NESBITT,  M.  D. 
(From  the  Pharmacological  Laboratory  of  the  Johns  Hopkins  University.) 

In  the  normal  processes  of  digestion  the  proteids  and  carbohydrates  of 
our  food  are  changed  into  more  readily  assimilated  compounds,  which  are 
further  altered  before  reaching  the  tissues;  for  example,  the  peptones,* 
which,  if  absorbed  unaltered  into  the  system  would  be  very  toxic,  are 
changed  into  nutritive  material  in  passing  the  intestinal  wall.  As  a 
result  of  bacterial  activity  we  may  have  these  compounds  broken  up  in 
a  different  manner,  giving  rise,  either  as  immediate  or  terminal  products 
of  the  decomposition  of  the  proteid  or  carbohydrate  molecule,  to  sub- 
stances of  more  or  less  toxic  character.  Some  of  these  substances,  as 
phenol,  the  cresols,  the  dihydroxy-benzenes,  indol  and  skatol,  are  known 
to  occur  as  a  result  of  the  constant  action  of  putrefactive  bacteria  in  the 
large  intestine.  We  may  also  have  a  large  number  of  organic  acids  of 
the  fatty  series,  as  acetic,  lactic,  butyric,  caproic,  caprylic,  etc.,  which 
have  been  shown  to  occur  in  various  catarrhal  conditions  of  the  intes- 

*  According-  to  E.  Fiquet  the  poisonous  etfects  usualh^  ascribed  to  peptones 
and  albumoses  are  in  reality  due  to  ptomaines  or  other  toxins  ^vhich  have 
not  been  removed  by  the  ordinary  processes  of  purification.     Compt.  rendtis 
Acad.  d.  sc,  1897,  p.  1371. 
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2  A  Research  on  Autointoxication 

tinal  tract,  and  whose  irritating  effects  have  been  studied  by  Bokai.* 
Gases,  as  hydrogen  sulphide,  niethylmercaptan,f  carbon  dioxide,  methane 
and  ptomaines,  as  pntrescin  (tetramethylendiamin),!  cadaverin  (penta- 
methylendiamin)4  ethylidendiamin.  are  also  more  or  less  constantly 
present. 

Opinions  vary  greatly  on  the  toxicity  of  these  substances,  as  the 
pharmacology  of  but  one  of  them  (phenol)  has  been  carefully  worked  out. 

For  consideration  in  this  respect  they  may  be  divided  into  three 
classes:  (1)  the  fatty  acids  and  the  various  gases,  whose  action  in  this 
connection  is  almost  wholly  irritative  and  need  not  be  considered  from 
the  point  of  view  of  absorption,  except  perhaps  in  the  case  of  infants; 
(2)  substances  of  the  aromatic  series,  which  include  phenol,  the  cresols, 
the  dihydroxy-benzenes,  indol  and  skatol,  and  (3)  the  diamins,  including 
putrescin,  cadaverin  and  ethylidendiamin.  Substances  of  the  second 
group  are  all  excreted  in  the  urine  as  conjugate  or  ethereal  sulphates, 
and  it  is  by  their  estimation  that  we  judge  of  the  extent  of  the  putre- 
factive processes,  more  especially  in  the  large  intestine.  From  the  fact 
that  their  molecules  are  of  fairly  simple  structure,  and  in  the  case  of 
most  of  them  completely  oxidized,  we  may  consider  the  amount  excreted 
as  a  reasonable  index  of  the  quantity  absorbed. 

With  phenol  (carbolic  acid)  we  are  well  acquainted;  its  use  as  an  anti- 
septic has  for  years  been  general,  as  a  poison  it  has  been  taken  in  large 
quantities,  sometimes  without  fatal  results.  It  has  been  administered 
in  various  diseases,  more  especially  those  in  which  intestinal  antisepsis 
was  sought,  as  typhoid  fever,  in  amount  so  much  larger  than  the  quantity 
produced  in  the  intestine  and  absorbed  that  a  comparison  would  be 
ridiculous.  Thus  Brieger  §  has  found  the  amount  excreted  in  21  hours 
by  a  healthy  individual  to  be  about  15  milligrammes,  while  the  text- 
books on  therapeutics  set  the  maximum  daily  dose  at  600  milligrammes. 
The  cresols  or  methyl-hydroxy-benzenes  are  a  later  addition  to  the 
materia  medica  introduced  by  Laplace,  and  have  undoubtedly  many  ad- 
vantages over  carbolic  acid.  It  has  been  claimed  that  they  are  three 
times  less  toxic  than  phenol,  y     I  think  from  my  own  experiments  that 

*  Bokai,  Arch.  f.  exp.  Pathol,  u.  Plmrmakol,  xxiii,  209 ;  xxiv,  153. 

t  Ts^encki,  JaJtresb.  u.  Thier-Chemic,  xx,  309. 

:|:Udranszky   and   Baumann,    Zeitschr.    f.    physiol.    Chem.,    xiii,    562;   xv,    77. 

Werigo,  Pfliiger's  A7-chiv,  li,  362. 

Roos,  Zeitschr.  f.  physiol.  Chem.,  xvi,  192. 

Garcia,  ibid.,  xvii,  543. 
§  Zeitschr.  f.  physiol.  Chem.,  ii,  241. 
11  Charteris,  Lancet,  1894,  i,  801. 


Bcattie  ^"csbitt  3 

this  figure  is  too  high,  but  I  have  found  that,  while  their  action  on  blood- 
pressure  and  respiration  presents  the  general  phenol  picture,  recovery 
is  more  ])roni])t.  The  injection  of  50  cc.  of  0.5  per  cent  sol.  of  cresol  in 
normal  saline  solution  into  the  jugular  vein  of  a  dog  weighing  4  kilos 
caused  the  1)lood-pressure  to  fall  41  mm.;  it  returned  to  the  normal  in  13 
minutes.  Paracregol,  according  to  Baumann  and  Brieger,  occurs  in 
largest  amount  among  the  members  of  this  series,  all  of  which  give  on 
distillation  a  reaction  with  bromine,  the  ortho-  and  meta-cresols  occur- 
ring in  traces. 

The  dihydroxy-benzenes — resorcin,  hydroquinon  and  pyrocatechin — 
are  present  in  the  urine  only  in  traces.  All  three  have  been  used  as 
medicines,  their  daily  doses  being  respectively.  0.1-0.6  grammes,  0.25-1.5 
grammes,  and  0.3-0.2  grammes. 

Possibly  the  substance  which  is  attracting  more  attention  than  any 
of  these  at  the  present  time  is  indol,  which  appears  in  the  urine  as  indi- 
can,  or  indoxyl  potassium  sulphate.  The  amount  of  indican  excreted  is 
for  an  average  man  about  12  milligrammes  per  day;  this  is  equivalent, 
if  all  is  excreted  that  is  absorbed,  to  an  absorption  of  6  milligrammes  of 
indol  in  24  hours.  Experiments  on  the  toxicity  of  indol  and  on  its  fate 
in  the  organism  have  been  made  by  a  number  of  investigators.  JafEe,* 
Nencki  f  and  also  Baumann  X  administered  considerable  quantities  of 
indol  to  dogs  both  by  subcutaneous  injection  and  by  feeding,  and  al- 
though the  object  of  these  experiments  was  to  determine  the  amount  of 
indol  that  was  converted  into  indican,  it  was  at  the  same  time  observed 
that  indol  is  not  a  toxic  substance.  Jaffe  found  no  toxic  symptoms  fol- 
lowing the  subcutaneous  injection  of  considerable  quantities  of  indol 
prepared  according  to  Baeyer's  synthesis,  and  Nencki  noted  that  a  dog 
showed  no  signs  of  intoxication  after  receiving  1  gi-amme  of  indol  by 
mouth,  but  with  a  dose  of  2  grammes  during  24  hours  developed  diarrhoea. 
Experiments  more  directly  relating  to  the  toxic  influence  of  this  sub- 
stance were  next  undertaken  by  Christiani.§  Avho  found  that  a  fowl  gave 
no  signs  of  poisoning  when  it  received  0.07  gramme  of  indol  mixed  with 
bread  crumb,  but  that  frogs  reacted  with  decided  symptoms  in  about  an 
hour  after  the  subcutaneous  administration  of  from  1.2-2.4  milligrammes 
in  solutions  of  1:1000.  The  average  fatal  dose  for  frogs  was  12  mmg. 
in  1  per  cent  solution  subcutaneously  administered.  The  symptoms  were 
in  general  like  those  following  the  administration  of  phenol  and  need 

*Cen.tralbl.  f.  d.  med.  ^Viss.,  1872.  Xo.  1. 

f  Ber.  d.  deihtsch.  chciu.  GesellscJi..  ix.  299. 

j:  Pfliig-er's  Arrhir.  xiii.  285.  and  Ber.  d.  dett'tsch.  chem.  GesellscJi.,  ix,  54. 

§  Zeitschr.  f.  phtjsiol.  Chem.,  ii,  273. 
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not  be  given  in  detail.  In  recent  years  Eovighi  *  and  Herter  f  have 
published  more  extended  researches  on  the  toxicity  of  indol.  Eovighi 
finds  that  for  rabbits  the  lethal  dose  of  indol  or  skatol  lies  between  1.5 
and  2  grammes  administered  in  the  course  of  24:  hours  by  subcutaneous 
injection,  and  that  these  two  products  of  intestinal  putrefaction  have  a 
similar  physiological  action.  As  summarized  in  Maly's  Jahreshericht, 
the  symptoms  of  poisoning  are:  torpor,  somnolence,  widespread  paresis, 
weak  action  of  the  heart,  reduction  of  temperature  and  retention  of 
urine  and  faeces.  The  autopsy  in  cases  of  acute  poisoning  shoAved  the 
portal  vessels  and  the  supra-hepatic  veins  to  be  highly  congested,  while 
in  cases  of  chronic  poisoning,  especially  after  the  administration  of  indol, 
the  bile  duets  were  surrounded  with  infiltrating  small  cells,  which  also 
filled  up  the  intercellular  spaces.     The  kidneys  were  congested. 

Herter's  experiments  relate  to  acute  indol  poisoning  in  rabbits  and 
dogs,  to  chronic  indol  poisoning  in  rabbits,  and  to  the  eft'ects  on  man  of 
moderate  doses  taken  by  the  stomach.  As  in  the  experiments  of  Eovighi, 
it  was  found  that  in  acute  poisoning  with  considerable  quantities,  say 
70  cc.  of  a  0.1  per  cent  solution  of  indol  injected  slowly  into  the  femoral 
vein  of  a  dog  weighing  15  lbs.,  the  symptoms  were  cardiac  and  respira- 
tory depression,  general  prostration,  irregular  clonic  spasms,  increased 
reflex  excitability  and  marked  contraction  of  the  pupils.  The  cause  of 
death  appeared  to  be  cardiac  rather  than  respiratory  failure.  Observa- 
tions on  the  temperature  and  on  arterial  pressure  were  not  made.  Of 
great  interest  are  Herter's  experiments  on  chronic  indol  poisoning  in 
rabbits.  The  daily  injection  of  such  small  quantities  of  indol  as  10  cc.  of 
a  0.1  per  cent  solution  led  to  death  in  the  course  of  13-22  days.  Dimin- 
ished activity,  loss  of  appetite,  profound  disturbance  of  nutrition  with 
marked  loss  of  body  weight  are  the  points  especially  emphasized  in  this 
connection.  A  small  ring-tailed  monkey  was  found  to  be  far  less  suscep- 
tible than  rabbits,  for  the  monkey  received  4  cc.  of  a  0.1  per  cent  solution 
daily  for  two  months  without  any  apparent  effect.  Highly  interesting, 
too,  are  Herter's  contributions  to  the  study  of  indol  poisoning  in  man. 
Three  healthy  men,  varying  in  age  from  25  to  32  years,  were  induced  to 
take  indol  during  periods  of  from  (i  to  13  days  in  daily  quantities  varying 
in  the  several  subjects  from  0.025  to  2  grammes.  One  of  these  men,  a 
vigorous  medical  student,  aged  25  j^ears  and  weighing  160  lbs.,  consumed 
no  less  than  6.8  grammes  in  divided  doses  in  6  days,  taking  on  one  day 

*  Abstract  in  Italy's  Jdhrcfih.  ii.  Thier-Cheiuic,  xxvi,  4o6. 

t  An  experimental   study  of  the  toxic  properties  of  indol.     Xeir  York  Med. 
Journ.,  1898,  July  16  and  23. 
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as  much  as  2'graininos.  The  iirst  day,  after  a  doi-e  o\'  1  gramme,  uo 
symptoms  whatever  were  noted.  Further  administration  with  slightly 
increased  doses  led  to  disturbances  of  sleep  and  headache  but  no  dis- 
tinctl}'  toxic  symptoms.  Without  going  further  into  the  details  of 
Herter's  work,  which  is  of  especial  value  when  the  clinical  significance 
of  indol  absorption  is  to  be  considered,  I  will  only  state  that  I  agree  with 
his  conclusion  that  indol  does  not  ordinarily  exert  highly  toxic  effects 
even  when  absorbed  in  unusually  large  amounts. 

My  own  experiments  on  indol  and  skatol  relate  merely  to  their  effect 
on  arterial  pressure.  The  indol  used  in  my  experiments  was  made  ac- 
cording to  Nencki's  synthesis,  acting  with  dichlor-ether  on  anilin.  I 
believe  that  pure  indol  is  more  easily  secured  in  this  way  than  from 
putrefying  fibrin.  I  have  found  that  when  injected  in  doses  of  0.1 
gramme  into  the  jugular  vein  of  the  dog  it  produces  no  effect  on  arterial 
pressure.  In  frogs,  as  pointed  out  by  Christiani,*  it  produces  convul- 
sions similar  to  those  caused  by  phenol.  What  has  been  said  of  indol 
holds  also  for  skatol,  which  has  been  fed  to  a  dog  weighing  55  kilos  at 
the  rate  of  30  grammes  in  21  days  without  any  serious  effect,  f  In  my 
experiments  no  change  of  arterial  pressure  was  produced  by  jugular  in- 
jections of  0.1  gramme.  In  fact,  I  am  satisfied  that  20  times  as  much 
of  either  of  these  substances  as  are  excreted  daily  by  a  man  of  TO  kilos 
weight  may  be  injected  at  one  time  into  the  jugular  vein  of  a  dog  of  4 
kilos  without  producing  an  appreciable  effect  on  the  circulation  or  respi- 
ration. Indol,  however,  is  much  the  more  important  of  the  two,  as 
skatol,  though  formed  in  larger  quantities,  is  absorbed  only  in  traces. J 

When  we  consider,  therefore,  the  amounts  in  which  any  of  these  sub- 
stances could  probably  be  formed  under  the  most  favorable  circum- 
stances, and  compare  these  Avith  the  quantities  which  have  been  adminis- 
tered empirically  or  experimentally,  w^e  cannot  but  feel  that  to  account 
for  the  symptoms  in  acute  cases  of  intoxication  something  more  active  is 
necessary. 

The  third  class  of  substances  comprises  putrescin,  cadaverin  and 
ethylidendiamin,  all  Itelonging  to  the  diamins.  Udranzsky  and  Bau- 
mann  §  have  fed  both  putrescin  and  cadaverin  to  dogs  in  large  doses 
without  effect.  Grawitz  ||  has  shown  that  they  are  both  capable  in 
2.5  per  cent  solution  of  ]u-oducing  severe  inflammation   and   necrosis, 

*  Loc.  cit. 

t  blester.  Zeitschr.  f.  phi/xiol.  Clieiii.,  xii.  130:  Brieger,  ibid.,  iv,  414. 

X  Brieger,  ibid.,  i\  241. 

§  Ibid.,  XV,  77. 

II  Yirchow's  Archiv,  ex,  1. 
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while  Behring  *  has  found  cadaverin,  taken  in  large  doses,  poisonous  to 
mice,  guinea-pigs  and  rabbits.  The  substance  found  by  KulnefE  f  in  a 
case  of  gastroptosis  is  probably  ethylidendiamin.  It  is  more  poisonous 
to  mice  and  guinea-pigs  than  to  frogs.  In  the  former  it  causes  lachry- 
mation  and  salivation  followed  by  violent  dyspnoea,  lasting  until  death, 
which  follows  in  24  hours  or  more.  So  of  these  substances  it  may  be 
said  that  the  first  two  are  not  extremely  toxic  and  the  chemical  position 
of  the  last  is  still  uncertain. 

Of  the  various  toxins  which  are  known  to  be  formed  by  the  action  of 
bacteria,  we  have  not  definite  knowledge  enough  to  speak  until  their 
principles  are  more  completely  isolated  so  that  they  can  be  studied  as 
individuals.  Of  these,  however,  many  are  albumoses  or  of  proteid 
nature  and  are  destroyed  according  to  Nencki  by  various  digestive 
juices,  t 

As  the  first  three  classes  of  these  substances  differ  from  what  we 
commonly  have  in  mind  when  we  speak  of  poisons,  so  do  the  symptoms 
which  they  are  supposed  to  produce  in  the  so-called  autointoxications 
differ  from  the  toxic  picture  we  see  in  a  case  of  ileus  or  acute  intestinal 
obstruction. 

We  know  that  the  chief  symptoms  of  ileus,  such  as  pain,  vomiting, 
cold  clammy  sweat,  pallid  and  shrunken  features,  Avith  possibly  sub- 
normal temperature  and  ultimate  complete  muscular  relaxation,  all  of 
which  often  result  in  death  within  one  or  two  days,  can  be  simulated 
by  poisons  formed  by  bacterial  activity,  and  that,  too,  within  a  com- 
paratively few  hours  as,  for  instance,  by  the  tyrotoxicon  of  Vaughan.§ 
Lepine  and  Moliere  ||  have  occasionally  observed  in  cases  of  intestinal 
occlusion  symjDtoms  like  those  seen  in  atropin  poisoning,  namely, 
dilated  pupils  and  marked  redness  of  the  skin,  and  these  authors  siu'- 
mise  that  death  in  these  instances  may  be  in  some  degree  due  to 
autointoxication  from  absorption  of  ptomaines  from  the  intestine. 

*  Deutsche  med.  Wochenschr.,  1S88,  No.  24. 

t  Berl.  klin.  Wochenschr.,  1891,  p.  1071. 

J  Ransom  {Deutsche  med.  Wochenschr.,  1898,  p.  IIT),  however,  finds  that 
tetanus  toxin  passes  in  large  part  unchang-ed  through  the  alimentary  canal, 
its  harmlessness  when  administered  by  the  stomach  being  due  to  incapacity 
of  the  stomach  and  intestine  to  absorb  it.  Behring  (ibid.,  p.  662)  con- 
siders that  other  proteid-like  bacterial  toxins  behave  in  the  same  way. 

§  Zeitschr.  f.  physiol.  Chem.,  x,  146. 

II  Cited  from  Eichhorst,  Darmstenose,  Real-Eiicijclop.  d.  gesamm.  Hellk.,  iii 
edit.,  V,  430. 
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It  is  not  my  purpose  to  offer  a  chemical  theory  in  explanation  of 
any  of  these  various  symptoms  that  arise  in  the  course  of  an  acute  and 
complete  obstruction  of  the  intestinal  canal  at  different  points  in  its 
course.  It  is  my  object  rather  to  present  a  chemical  study  of  the 
intestinal  contents  in  cases  of  complete  obstniction  of  the  small  intes- 
tine in  order  to  learn  whether  other  or  more  powerful  poisons  than 
the  putrefactive  products  already  isolated  can  be  found  under  such 
circumstances.  Such  poisons  if  present  must  exert  their  action  and 
play  their  part,  be  it  great  or  small,  in  the  symptomatology  of  ileus; 
certainly  the  substances  so  far  obserA^ed  in  the  intestinal  canal  are  not 
sufSciently  toxic  to  account  for  any  of  the  symptoms  observed  in 
intestinal  obstruction.  On  the  other  hand,  "  shock  "  and  similar  ex- 
pressions are  far  from  giving  a  rational  explanation  of  the  condition 
described. 

When  we  consider  the  chemical  and  physical  conditions  which  exist 
in  a  case  of  this  kind  we  find,  first,  a  closure  of  the  bowel,  it  may  be 
by  hernia,  volvulus,  intussusception  or  pressure,  but  the  effect  is  to 
convert  so  much  of  the  digestive  tract  as  may  be  above  the  constricted 
portion  into  a  closed  thermostatic  tube  containing  culture  mateiials  in 
the  shape  of  proteids,  carbohydrates,  etc.,  kept  at  body  temperature 
and  infected  by  a  varied  bacterial  flora,  air  being  excluded.  In  this 
respect,  the  conditions  are  similar  to  an  experiment  conducted  in  the 
laboratoiy,  where  the  same  materials  are  used  and  inoculated  with 
intestinal  bacteria,  but  with  this  striking  difference,  that  in  the  former 
case  the  tube  is  composed  of  animal  membrane  through  which  many 
of  the  products  may  pass  by  absorption,  to  be  taken  up  later  by  the 
portal  system  and  if  unchanged  in  their  passage  through  the  intestinal 
wall  (as  pointed  out  before  in  the  ease  of  peptone),  perhaps  to  be 
oxidized  or  otherwise  changed  by  the  liver  cells  before  reaching  the 
tissues.  So  that  for  a  chemical  theory  not  only  would  poisons  have  to 
be  formed,  but  in  order  to  produce  alarming  effects  they  must  be  of 
such  a  composition  that  they  are  not  destroyed  by  the  liver,  or  they 
must  be  produced  in  such  quantities  that  the  liver  is  unable  to  destroy 
them  as  fast  as  they  are  absorbed. 

For  the  purpose  of  this  research  lecithin  Avas  chosen,  a  substance 
which  is  a  constituent  of  all  food  materials  and  is  widely  distributed 
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in  nature.  The  prochiets  formed  by  its  decomposition  are  not  only 
in  some  instances  of  extreme  toxicity,  but  also  capable  of  positive 
detection  and  identification.  It  has  been  found  as  a  constant  accom- 
paniment of  cell  life,  animal  and  vegetable,  but  chiefly  in  brain  and 
nen'e  tissue,  yolk  of  eggs  and  the  genninating  sprouts  of  plants,  to  a 
lesser  de'gree  in  milk,  muscles,  etc. 

Chemistry  and  Fate  of  Lecithin  in  the  Economy. — It  has  been  known 
for  ,a  long  time  that  there  are  different  lecithins  according  to  the  fatty- 
acid  radicle  contained,  but  more  recently  Lippman  *  found  two  lecithins 
in  beet  residue,  one  of  which  gave  cholin  on  decomposition  and  the  other 
betain;  he  has  therefore  suggested  that  we  may  have  different  lecithins 
depending  on  the  interchangeability  of  the  basic  radicle,  as  we  have 
different  lecithins  according  to  the  acid  radicles  present. 

We  know  that  these  complex  molecules  split  up  into  different  com- 
pounds with  different  arrangement  of  their  component  radicles  according 
to  the  agents  employed,  but  as  a  result  of  chemical  action  and  putre- 
factive processes  it  has  been  abundantly  shown  that  lecithin  breaks  up 
into  glycero-phosphoric  acid,  fatty  acids  and  basic  bodies. 

As  regards  the  decomposition  and  fate  in  the  economy  of  the  different 
radicles  composing  the  lecithin  molecule,  Bokai  considers  it  analogous 
to  the  fats,  and  states  that  lecithin  is  decomposed  during  the  digestive 
processes  into  glycero-phosphoric  acid,  fatty  acids  and  cholin,  and  that 
these  products  are  severally  absorbed.  According  to  this  view  it  might 
be  dangerous  to  consume  a  great  deal  of  food  rich  in  lecithin  (eggs  for 
instance)  as  cholin  is  certainly  not  a  harmless  substance.  Bokai  f  sub- 
jected lecithin  to  the  action  of  the  pancreatic  ferments  and  found  that 
it  was  split  up  as  above,  but  he  mentions  also  that  bacterial  agency  was 
not  excluded.  From  the  more  recent  experiments  of  P.  v.  AValther,;};  it 
seems  fair  to  assume  that  some  lecithin  may  be  absorbed  without  decom- 
position, as  he  always  found  it  present  in  the  chyle  of  the  dog  to  the 
extent  of  from  0.03-0.096  per  cent.  Hasebroek  §  has  shown  in  putre- 
factive experiments,  practically  anaerobic  as  he  used  slime  from  the  river 
111  as  the  source  of  bacteria,  that  under  these  conditions  cholin  is  lu-oken 
up  into  methylamin,  carbon  dioxide  and  methane. 

*  Ber.  d.  deutscli.  cliem.  Gesellsch.,  xx,  3206.  See  also  E.  C.  Shorey.  Journ. 
Amer.  Chem.  Soc,  xx,  113. 

t  Zeitficlir.  f.  pliysiol.  Chnii.,  i,  162. 

XArch.  f.  Aiiat.  n.  Phi/sioL.  physiol.  Abth.,  1S90.  p.  329. 

§  Hasebroek,  Zritschr.  f.  physiol.  Chem.,  xii,  148. 
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Tn  the  case  of  the  lecithin  under  consideration,  whicli  is  nnich  the 
more  common  form  in  foods,  the  hasic  Ixxly  contained  in  its  molecule  is 
almost  wholly  cliolin  *  or  trimethyl-oxyethyl-anuiKiiiium  hydroxide.  The 
com])osition  of  this  base  is 

(  (CH3)3 
N  JCH,— (TT,.OH 
(OH. 

It  is  readily  oxidized  to  a  highly  poisonous  compound  isomeric  with 
muscarin  and.  on  losing  a  molecule  of  water,  a  process  which  may  easily 
occur  in  the  intestine,  it  yields  the  almost  equally  poisonous  compound 
neurin.  Xeurin  is  trimethylvinyl-ammonium  hydroxide  and  has  the 
composition, 

(    (CH3)3 

N  -^  CH  =  CHo 
(OH. 

The  intimate  relation  between  cholin  and  neurin  is  further  shown  by 
the  fact  that,  as  proved  by  E.  Schmidt,  neurin  can  be  changed  back  to 
the  oxyethyl  compound,  cholin.  It  has  further  been  shown  by  Schmidt  f 
that  cholin  chloride  is  decomposed  almost  entirely  by  putrefactive  action, 
at  20-30°  C,  at  the  end  of  14  days  yielding  large  quantities  of  trimethyl- 
amin  and  a  small  quantity  of  a  base  whose  plati no-chloride  is  similar  in 
crystallization  and  solubility  to  the  neurin  salt,  and  also  agrees  with 
neurin  in  its  physiological  action.  When  decomposition  v\as  carried  on 
for  ten  days  at  30-33^  C.  neither  cholin  nor  neurin  were  present,  nor 
coidd  the  presence  of  trimethylamin  be  determined  with  certainty. 
There  can  be  but  little  doubt  that  the  crystals  isolated  by  Schmidt  from 
solutions  of  neutral  cholin  chloride,  which  had  been  infected  with  hay 
infusions,  consisted  in  reality  of  the  chloride  of  neurin,  and  we  must 
therefore '  regard  the  conversion  of  the  relatively  non-toxic  cholin  into 
the  highly  poisonous  neurin  as  being  within  the  power  of  perhaps 
numerous  varieties  of  bacteria.  Hasebroek,  as  mentioned  in  connection 
with  lecithin,  found  on  treating  cholin  solutions  with  sewage  from  the 
111,  that  it  was  entirely  decomposed,  yielding  methane  and  carbon 
dioxide.  The  solution  on  treatment  with  alkali  gave  an  odor  of  methyl- 
amin,  and  Brieger  found  that  a  cholin  solution,  after  the  action  on  it 
of  putrefactive  bacteria,  gave  trimethylamin  on  treatment  with  alkali. 
It  will  be  seen  that  strikingly  d'lferent  results  have  occurred  from  putre- 

*  Strecker,  A)ial.  d.  ('hem.  k.  Plianii.,  cxxiii,  353. 
f  Archhf  (I.  Phininacie,  ccxxix,  481. 
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factive  experiments  on  eholin.  This,  however,  is  to  be  expected  as  the 
flora  in  many  cases  is  entirely  different,  but  all  observers  agree  that  in 
the  examination  of  the  products  of  putrefaction  whenever  eholin  is 
present  neurin  is  also  present,  although  it  may  be  in  traces  only. 

In  reference  to  the  toxicity  of  these  substances  it  lias  been  shown  that 
eholin,  previously  considered  non-toxic,  is  fairly  active,  since  Gaehtgens  * 
has  proved  that  0.59  gramme  produced  almost  instantaneous  death  in  a 
cat.  It  has  been  further  shown  that  eholin  chloride  produces  the  same 
muscarin-like  symptoms  as  neurin  although  the  latter  are  much  more 
intense.  Brieger  f  found  that  O.OOo  gramme  of  neurin  chloride  would 
produce  the  same  symptoms  in  a  rabbit  as  0.1  gramme  of  eholin  chloride. 
He  further  found  that  the  fatal  dose  of  eholin  per  kilogramme  of  rabbit 
was  0.5  gramme  or  ten  times  that  of  neurin.  Boehm  I  considers  the 
curara-like,  paralyzing  action  of  eholin  to  be  like  that  of  artificial  mus- 
carin,  but  the  latter  is  500  times  more  toxic. 

If  therefore  we  take  it  for  granted  that  putrefaction  takes  place  in 
the  intestinal  canal  during  obstruction,  the  toxicity  of  the  substances 
fonned  will  depend  upon  the  material  present  and  the  character  of 
the  intestinal  flora.  It  may  be  that  at  the  time  of  obstruction  the 
canal  is  compai'atively  free  from  those  bacteria  which  would  give  rise 
to  toxic  substances,  or,  on  the  other  hand,  it  may  be  highly  infected. 

If  the  lecithin  contained  in  the  food  is  decomposed  in  such  a  way 
as  to  give  rise  to  eholin  and  possibly  to  neurin  we  may  demonstrate 
their  presence.  On  the  other  hand,  failure  to  demonsti'ate  the  pres- 
ence of  eholin  would  not  prove  positively  that  the  decomposition  does 
not  go  on  in  this  way;  since,  as  in  all  experiments  on  the  digestive 
tract,  the  substances  formed  are  either  further  modified  or  are  ab- 
sorbed so  rapidly  that  it  is  almost  impossible  at  any  one  time  to  obtain 
a  sufficient  quantity  for  positive  identification.  This  difficulty  is 
naturally  greatly  increased  when  two  or  three  days  are  allowed  to 
elapse  between  feeding  and.  the  removal  of  the  intestinal  content. 
The  intestinal  content  is  then  very  small  and  contains  so  much  bile 
that  it  is  very  difficult  to  handle.      Out  of  six  experiments  on  dogs  in 

*  Dorpater  med.  Zeitsclir.,  1870,  i,  cited  from  Boehm,  Arch.  f.  exp.  Pathol,  u. 
PharniaJcoI.,  xix,  87. 

t  Ueber  Ptomaine,  i,  39. 

X  Arch.  f.  exp.  Pathol,  ii.  PhormalaiL.  xix,  87. 
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only  one  was  I  able  to  obtain  a  sufficient  amount  of  a  platiimm  salt 
for  analysis. 

It  was  my  intention,  in  these  experiments,  to  determine  whether  the 
lecithin  content  of  the  food  could  give  rise  to  cholin  and  possibly 
neurin  by  decomposition  in  the  intestine  in  cases  of  obstruction.  The 
dogs  used  were  therefore  fed  for  two  or  three  days  before  the  operation 
of  closing  the  intestine  was  performed  on  yolk  of  eggs,  which  is  vei^ 
rich  in  lecithin. 

The  following  protocol  from  my  notebook  will  serve  to  illustrate 
the  entire  series  of  four  experiments: 

Expt.  3.  Friday,  March  29,  2  P.  M.,  ansesthetized  dog,  male,  weight 
55  lbs.  Placed  ligature  around  intestine  just  above  ileo-caical  valve. 
Animal  had  been  fed  for  three  days  previously  on  yolk  of  eggs.  Satur- 
day, March  30,  6  P.  M.  Animal  quiet,  does  not  seem  very  sick,  drinks 
well  but  does  not  eat.  Urine  of  sp.  gr.  103.2,  acid  in  reaction,  no  albu- 
min, strong  indican  reaction.  Sunday,  Mai'ch  31.  Dog  drinks  but  does 
not  eat,  appears  much  the  same,  urine  274  cc,  sp.  gr.  102.8,  reaction  acid, 
no  albumin.  Indican  reaction  strong.  Monday,  April  1.  Dog  seemed 
better,  but  about  2  P.  M.  managed  to  tear  open  the  incision  in  the  ab- 
dominal wall,  and  in  consequence  a  loop  of  the  intestine  escaped.  Dog 
was  killed  with  chloroform  and  an  autopsy  made.  Urine  for  this  day  up 
to  this  time,  160  cc,  sp.  gr.  103.1,  reaction  acid,  strong  indican  reaction. 
It  may  be  said  that  in  no  case  was  there  any  marked  anuria,  as  the 
dogs  drank  freely  and  did  not  vomit.  As  far  as  the  indican  reaction  was 
concerned  it  was  strong,  but  not  much  more  so  than  I  have  seen  in 
apparently  healthy  dogs. 

It  must  be  remembered  that  the  indican  reactions  as  usually  made 
cannot  be  considered  quantitative,  as  the  color  is  produced  by  oxidation 
of  the  indoxyl  which  cannot  be  regulated  to  give  quantitative  results,  as 
the  same  agent  at  the  same  time  produces  indigo  red  and  indigo  white. 
I  consider  Baumann's  the  best  test,  namely,  equal  volumes  of  urine  and 
strong  hydrochloric  acid  with  a  few  drops  of  ferric  chloride,  as  there  is 
less  chance  of  over-oxidation  by  this  method. 

Autopsy. — Evidences  of  peritonitis;  some  excess  of  peritoneal  fluid 
containing  flakes  of  fibrin,  intense  venous  congestion.  This  was  found 
to  be  due  to  perforation  at  point  of  ligature.  There  were  slight  adhe- 
sions between  neighboring  intestinal  loops.  Eenal  cortex  much  engorged, 
papillse  pale,  capsule  non-adherent.     Liver  hyperfemic,  consistence  nor- 
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mal,  gall  bladder  distended,  contents  green;  adjacent  tissues  stained  yel- 
low. Spleen  liypergemic,  veins  on  surface  distended.  Heart,  veins  on 
surface  distended,  otherwise  normal.  Lungs,  highly  pigmented;  some 
calcareous  nodules;  otherwise  normal.  Stomach  contents  small,  reaction 
acid,  whole  internal  surface  hyperaemic,  pyloric  third  stained  yellow. 
Two  small  ulcerations  in  cardiac  portion  about  middle  of  inferior  curva- 
ture. 

Intestinal  content  small,  reaction  acid,  intensely  hile-stained  and  whole 
surface  hypergemic.  The  acid  character  of  the  contents  continued  to 
within  15  inches  of  ligature  and  this  lower  portion  of  the  ileum  was  very 
dark  and  had  apparently  lost  all  tone.  It  was  filled  with  faecal  material, 
bright  green  in  color.  The  most  of  the  mucous  surface  of  the  ileum 
was  highly  congested  and  in  the  lower  portion  it  was  easily  separable. 

In  all  the  experimental  cases,  except  the  foregoing,  in  which  there  was 
perforation  at  point  of  ligature,  the  tendency,  with  ordinary  aseptic  pre- 
cautions, is  toward  recovery.  Plastic  processes  connect  the  intestinal 
walls  around  ligature,  necrosis  occurs  at  the  point  of  ligature  and  a  pas- 
sage is  usually  established  in  5-7  days.  This  was  a  source  of  disap- 
pointment in  the  earlier  experiments  as,  in  waiting  for  the  full  effects  of 
obstruction  in  order  to  obtain  as  much  material  as  possible,  the  experi- 
ments failed  because  of  the  escape  of  material  through  newly  formed 
passages,  re-establishing  the  continuity  of  the  intestine.  In  those  ani- 
mals which  were  chloroformed  in  from  70-80  hours  after  ligature,  there 
was  no  abnormal  appearance  of  the  internal  organs,  ^vith  the  exception 
of  the  kidneys,  in  which  there  was  much  engorgement  of  the  capsular 
veins  and  intense  hyperasmia  of  the  cortex,  though  the  papillae  remained 
pale. 

Microscopic  Examinaiion. — Kidneys  showed  infiltration  of  Bowman's 
capsule,  cloudy  swelling  of  epithelium  of  convoluted  tubules,  some  ne- 
crosis of  the  epithelium  and  tube  casts. 

Chemical  Treatment  of  the  Intestinal  Contents. — As  it  was  my  intention 
to  ascertain  by  the  presence  or  absence  of  cholin,  whether  there  had  been 
decomposition  of  lecithin  during  the  obstruction  of  the  intestine,  it  was 
first  necessary  to  choose  a  method  that  would  totally  obviate,  if  possible, 
the  chemical  decomposition  of  the  lecithin  in  the  analytical  processes 
employed.  The  most  suggestive  work  in  this  connection  is  that  of 
]\Iarino  Zuco,*  who  claims  that,  by  the  methods  of  the  toxicologists,  it  is 
possible  to  obtain  cholin  from  fresh  tissues,  blood,  etc.,  and  that  the 

*  The  so-called  Ptomaines  in  Eelation  to  Toxicological  Researches.  Abstr. 
in  Joiini.  Cheni.  Soc,  xlvi,  342. 
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cliolin  thus  found  originates  from  th'j  splitting  up  of  tlio  lecitliius  under 
the  influence  of  the  acids  and  alkalis. 

The  intestinal  contents  of  the  animal  described  in  Experiment  3  were 
removed  with  the  aid  of  as  little  water  as  possible.  Together  with  the 
water  added  the  intestinal  contents  amounted  to  280  cc.  and  had  an 
acid  reaction.  The  whole  was  treated  with  four  times  its  volume  of 
absolute  alcohol  and  left  with  occasional  shakings  for  48  hours.  It  was 
then  filtered  and  being  still  acid  was  evaporated  in  a  large  dish  on  the 
water-bath,  the  temperature  of  the  fluid  not  going  above  70°  C.  at  any 
time;  absolute  alcohol  was  occasionally  added  to  carry  oft'  the  balance 
of  water  at  the  same  low  temperature.  When  the  material  had  been 
reduced  to  a  thin  syrup  it  was  mixed  with  a  large  quantity  of  powdered 
glass,  evaporated  to  dryness  in  vacuo  at  45°-50°  C.  and  then  placed  in  a 
Soxhlet  extracter  and  thoroughly  extracted  with  ether.  This  removes 
all  of  the  lecithin,  cholesterin  and  fats,  a  great  deal  of  coloring  matter, 
extractives,  etc.  It  is  of  course  understood  that  the  method  of  treat- 
ment was  governed  by  the  substance  sought.  If  no  cholin  was  present 
my  question  could  not  be  answered  in  the  affirmative;  on  the  other  hand, 
the  varying  statements  in  reference  to  the  ease  or  difficulty  with  which 
lecithin  is  decomposed  made  it  imperative  that  the  possibility  of  its  de- 
composition should  be  avoided.  Marino  Zuco  is  the  chief  authority  for 
the  statement  that  lecithin  is  easily  decomposed  by  analytical  methods, 
and  the  method  devised  by  him  includes  digesting  on  the  water-bath  for 
24  hours  at  TO^.  It  is  apparent  therefore  that  much  less  injury  must 
result  from  eva]:)orating  the  fluid  at  the  same  temperature  in  one-eighth 
of  the  time.  Further,  I  find  that  drying  at  first  and  extracting  with 
ether  in  Soxhlet's  apparatus  much  facilitates  succeeding  operations. 

Schulze  and  Steiger  *  claim  that  in  the  examinations  of  certain  seed 
contents  ;made  by  previous  investigators,  all  the  lecithin  was  not  ex- 
tracted by  ether,  and  they  make  these  deductions  from  the  fact  that 
after  shaking  the  finely  ground  seeds  in  a  flask  with  a  quantity  of  ether, 
allowing  it  to  stand  for  some  hours  and  then  repeating  the  process  two 
or  three  times,  they  were  still  able  to  obtain  lecithin.  This,  however,  is 
quite  different  from  36  hours'  extraction  in  Soxhlet's  apparatus,  as  in  my 
experiment.  After  extracting  with  ether  for  this  length  of  time  one 
may  rest  assured  that  every  trace  of  lecithin  has  been  removed. 

After  the  substance  had  been  extracted  with  ether  as  described,  it  was 
removed,  dried,  and  extracted  with  absolute  alcohol,  acidified  with  hydro- 
chloric acid.     Of  the  more  common  putrefactive  bases  only  the  chlorides 

*  Zeitschr.  f.  physlol.  Chan.,  xiii,  365. 
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of  cholin  and  neurin  are  soluble  in  absolute  alcohol  and  also  the  chlorides 
of  some  of  the  amines.  The  alcoholic  extracts  were  united  and  evapor- 
ated to  a  small  bulk  and  were  then  treated  with  an  alcoholic  solution  of 
platinum  chloride,  the  precipitate  was  thoroughly  washed  on  a  filter 
with  alcohol  and  ether,  and  was  then  dissolved  otf  with  cold  water,  in 
which  it  proved  to  be  almost  entirely  soluble.  This  solution  of  the 
])latinum  chloride  double  salt  was  then  decomposed  with  hydrogen  sul- 
phide, was  boiled  and  filtered,  and  a  portion  of  the  filtrate  was  neutralized 
and  tested  with  the  following  alkaloidal  reagents: 

Reagents.  Reaction. 

Phosphomolybdic  acid abundant  yellow  caseous  ppt. 

Phosphotungstic  acid white  ppt.  crystalline. 

^   ,.,.,,.    ,.,  f  dark  brown  pulverulent  ppt.   somewhat 

Potassium  bismuth  iodide |      ^^^    .^^  ^^^^^^ 

Potassium  cadmium  iodide white  ppt.  sol.  in  excess. 

Potassium  mercuric  iodide yellow  crystalline  ppt. 

Potassium  iodide  and  iodine dark  brown  ppt. 

Bromine  water reddish  ppt. 

Mercuric  chloride ppt.  white,  gradually  becoming  crystalline. 

Gold  chloride yellow  granular  ppt.  sol.  on  heating. 

Platinum  chloride slight  cloudiness. 

Tannic  acid white  finely  flocculent  ppt. 

Picric  acid no  precipitate. 

The  balance  of  the  filtrate  was  now  evaporated  down  and  precipitated 
with  gold  chloride  and  filtered,  the  gold  salt  decomposed  with  ILS,  and 
the  solution  boiled  and  filtered.  The  filtrate  gave  the  following  alka- 
loidal tests: 

Reagents.  Reaction. 

Phosphomolybdic  acid abundant  yellow  ppt. 

Phosphotungstic  acid white  crystalline  ppt. 

^,    .       .         ,.         ,,.,.,  f  dark  brown  pulverulent  ppt.  somewhat 

Potassium  bismuth  iodide .  |       ^^^    j^  ^^^^^^ 

Potassium  cadmium  iodide slight  ppt.  sol.  in  excess. 

Potassium  mercuric  iodide yellow  crystalline  ppt. 

Potassium  iodide  and  iodine dark  brown  ppt. 

Bromine  water reddish  ppt. 

Mercuric  chloride white  ppt.  gradually  becoming  crystalline. 

Gold  chloride yellow  granular  ppt. 

On  the  basis  of  the  above  reactions  the  solution  was  considered  to 
contain  only  pure  cholin  chloride,  and  it  was  therefore  evaporated  down, 
taken  up  in  absolute  alcohol  and  ])recipitated  with  alcoholic  platinum 
chloride.  The  yellow  precipitate  of  double  salts  was  filtered  off,  washed 
with  alcohol  and  ether,  dried  in  vacuo  at  100°   and  analvzed. 
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O.llAT  ^raiuinc  (if  tliis  salt  gave  0.04G3  graimne  platinum  or  31.77  per 
cent.  For  cliolin:  Theory  retjuires  31.6-4  per  cent  })latiiuun.  Found 
31.77  per  cent.  ])latinuni. 

The  presence  of  cholin  in  the  intestinal  contents  of  the  animal  experi- 
mented upon  is  therefore  proven. 

On  the  Presence  of  Neurin  in  the  Intestinal  Contents  Examined. — From 
the  fact  that  there  was  a  precipitate  with  potassium  cadmium  iodide, 
tannic  acid  and  also  a  slight  precipitate  with  platinum  chloride,  I  con- 
sidered there  was  neurin  as  well  as  cholin  present  in  my  final  solutions. 
Gulewitsch,*  in  one  of  the  most  complete  chemical  studies  of  cholin 
which  has  yet  been  published,  draws  attention  particularly  to  the  fact 
that  Brieger  and  others,  working  with  such  solutions  and  using  tannic 
acid  to  distinguish  qualitatively  between  cholin  and  neurin,  fell  into 
an  error  in  using  this  reagent.  Cholin  chloride,  in  acid  solution,  will  not 
give  a  precipitate  with  tannic  acid,  but  in  neutral  solution  invariably  does 
so.  I  have  stated  previously  that  neurin  has  been  considered  invariably 
to  accompany  cholin.  It  is  possible  that,  using  only  qualitative  tests, 
an  error  may  have  occurred  when  experimenters  did  not  note  whether  the 
solution  of  chlorides  was  neutral  or  acid. 

It  has  already  been  stated  that  when  the  platinum  salt  of  cholin  -was 
dissolved  on  the  filter  by  the  free  use  of  cold  water  a  small  quantity  of 
a  platinum  double  salt  remained  undissolved.  This  salt  was,  however, 
found  to  dissolve  in  hot  water  and  wlien  the  solution  had  cooled,  small, 
yellow  octahedral  crystals  were  deposited  which  resembled  crystals  of 
the  corresponding  salt  of  neurin  as  described  by  Gulewitch  f  in  his  recent 
paper  on  neurin  and  its  compounds.  Now,  these  octahedra  could  not 
consist  of  the  platinum  salt  of  one  of  the  amines  or  diamines,  for,  the 
former  were  excluded  by  testing  the  original  solution  from  which  the 
cholin  and  neurin  were  precipitated  by  the  chlorides  of  platinum  and 
gold,  and  the  latter  were  excluded  by  the  fact  that  their  platinum  double 
salts  differ  in  crystalline  character  from  the  octahedral  crystals  here 
described.  On  warming  gently  the  original  solution  with  a  slight  excess 
of  alkali  or  of  a  solution  of  sodium  bicarbonate  it  was  not  possible  to 
detect  the  odor  of  an  amine.  Unfortunately,  this  platinum  salt,  soluble 
only  in  hot  water,  was  not  obtained  in  sufficient  amount  to  warrant 
decomposing  it  and  performing  pharmacological  tests  with  it.  IsTever- 
theless,  I  consider  the  presence  of  neurin  in  the  intestinal  contents,  under 
the  experimental  conditions  set  forth  in  this  paper,  as  almost  a  certainty. 

■\  Zeitschr.  f.  physio! .  Chem.,  xxvi,  ITS. 
*  Zeitsclir.  f.  physial.  CJmn..  xxiv,  513. 


16  A  Research  on  Autointoxication 

The  following  is  a  tabular  statement  of  the  reactions  for  cholin  ob- 
tained with  the  intestinal  contents  of  the  dogs  used  in  Experiments  1,  2 
and  4,  after  these  contents  had  been  subjected  to  the  chemical  treatment 
already  described.  In  none  of  these  experiments  was  enough  of  a  salt 
of  cholin  obtained  to  wai-rant  an  analysis.  The  reactions  are  stated  very 
briefly,  but  coincide  entirely  in  appearance  and  character  with  those 
given  under  Exp.  3.  and  prove  that  cholin  was  present  in  the  intestines 
of  all  of  these  animals  though  in  less  amount  than  in  those  of  the 
animal  used  in  Exp.  3: 

Reagent.  Exp.  1.  Exp.  2.  Exp.  4. 

Phosphomolybdic  acid ppt.  ppt.  ppt. 

Phosphotungstic  acid ppt.  ppt.  ppt. 

Pot.  bismuth  iodide ppt.  brown.  ppt.  brown.  ppt.  brown. 

Pot.  cadmium  iodide ppt.  white.  ppt.   white.  ppt.  white. 

Pot.  mercuric  iodide ppt.  yellow.  ppt.  yellow.  ppt.  yellow. 

Pot.  iodide  and  iodine ppt.   brown.         ppt.  brown.  ppt.  brown. 

Bromine ppt.   brown.         ppt.  brown.  ppt.  brown. 

Mercuric  chloride ppt.  ppt.  ppt. 

Gold  chloride ppt.  yellow.         ppt.  yellow.  ppt.  yellow. 

Platinum  chloride slight  cloudiness.  slight  cloudiness. 

Tannic  acid ,ppt. 

Pie  ric  Acid 

The  absence  of  the  precipitates  with  tannic  acid  in  Exps.  1  and  2 
were  due  most  probalily  to  the  fact  that  the  solution  was  acid,  whereas 
in  3  and  4  it  was  neutralized  before  tests  were  made. 

On  the  Occurrence  of  a  Ptomaine  accompanijing  the  Chntin  and  Neurin. 
— In  Experiment  1,  in  which  the  dog  died  during  the  niglit  and  was 
examined  the  following  uiorning,  a  ]itomaine  was  found  which  pos- 
sessed the  following  characteristics.  Its  liydrochloride  is  very  soluble 
in  alcohol  and  water  aud  crystallizes  iu  fine  needles.  It  gave  all  the 
reactions  of  cholin.  but  both  the  platinum  and  gold  salts  were  quite 
insoluble  in  cold  water  and  difficultly  soluble  in  liot  water,  the  gold 
salt  being  more  easily  soluble  than  the  platinum  one.  The  platinum 
salt,  which  had  been  dissolved  in  hot  water  and  filtered  clear  into  a 
watch  glass,  on  cooling  gave  a, deposit,  which,  under  the  microscope,  had 
the  appearance  of  small.  l)right  yellow  sjilieres  which  reacted  towards 
light  lilce  crystals.  An  iridescent  scum  formed  on  the  surface  of  the 
water  from  gradual  decomposition  of  the  salt.  The  gold  salt  was  dis- 
solved in  hot  water  and  acidulated  with  hydrochloric  acid.  and.  as  it 
appeared  to  be  reducing,  the  liquid  solution  was  quickly  filtered  and 
cooled.  On  cooling  it  showed  a  fine  yellow  granular  deposit  of  spheroidal 
crystals.     On  examination  the  following  morning  the  deposit  was  quite 
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dark  and  a  beautiful  mirror  had  been  formed  on  the  sides  and  bottom 
of  the  crj-stallizing  dish  as  well  as  on  the  surface  of  the  liquid.  Both 
the  platinum  and  gold  salt,  therefore,  are  easily  reduced  compounds. 
It  is  also  to  be  noted  that  the  free  base  has  a  penetrating,  sweetish  odor, 
and  that  it  is  easily  oxidized  to  a  brown  resin  when  its  solutions  are 
left  exposed  to  the  air. 

Tlie  amount  of  this  ptomaine  at  my  disposal  was  insufficient  for  estalj- 
lishing  its  identity.  It  agrees  in  some  of  its  properties,  though  not  in 
others,  with  a  ptomaine,  CgH^gN,  obtained  by  Gautier  and  Etard  *  from 
putrefying  mackerel  and  from  the  decomposing  flesh  of  the  ox  and 
horse.  It  resembles,  perhaps,  more  closely  a  base,  CioHj^jN,  which  has 
been  isolated  from  sea-polyps  in  an  advanced  stage  of  putrefaction  by  de 
Coninck.f  The  hydrochloride  of  de  Coninck's  base  forms  fine,  deli- 
quescent needles,  changes  to  a  brown  resin  when  exposed  to  the  air,  and 
both  the  platino-  and  auro-chloride  are  decomposed  by  boiling  water. 

In  the  intestinal  contents  of  animal  No.  4  apparently  the  same  base 
was  present,  for.  on  shaking  out  the  ether  from  the  Soxhlet  apparatus 
with  acidulated  water  a  few  milligrammes  of  a  gold  salt  were  obtained 
uhich  resembled  the  gold  salt  already  described,  and  on  heating,  burnt 
with  a  smoky,  oily  flame  which  gave  off  a  disagreeable  odor. 

SUMMARY. 

^[y  experiments  lead  me  to  belieA'o  that  complete  occlusion  of  the 
small  intestine  at  its  lower  end  will  give  rise  to  the  occurrence  of 
cholin,  neurin  and  perhaps  other  bases,  provided  the  food  taken  con- 
tains any  considerable  quantity  of  lecithin.  It  is  not  improbable  that 
still  other  poisons  are  formed  by  bacterial  action  from  other  constitu- 
ents of  the  ;food  in  cases  of  intestinal  obstraction.  While  cholin  would 
have  to  be  absorbed  in  relatively  large  amounts  to  exert  a  marked  toxic 
action  in  human  beings  it  is  othenvise  with  neurin,  which  is  many 
times  more  intense  in  its  action  and  must  be  classed  with  the  exceed- 
ingly active  poisons.  It  has  been  shown  both  by  the  experiments  of 
Schmidt  and  AVeiss  and  also  by  those  recorded  in  this  paper  that  the 
poisonous  neurin  may  be  formed  from  cholin  l)y  bacteria.  In  its 
physiological  action  neurin  agrees  closely  with  muscarin;  especially 
to  be  noted  here  is  the  paralytic  action  on  the  heart  and  its  power  to 

*  Yaughan  and  Xovy,  Ptomains  and  Lencoma'ins,  3rd  edit.,  316. 
t  Ibid.,  318. 
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increase  the  intestinal  movements  to  such  an  extent  that  continual 
evacuations  occur.  Whether  the  ptomaine  which  was  found  by  me 
is  poisonous  I  cannot  yet  say.  It  must  be  considered  proved,  how- 
ever, that  highly  toxic  substances  may  arise  in  the  intestinal  canal 
during  its  complete  occlusion.  The  method  of  treating  cases  of  intes- 
tinal obstiniction,  before  surgical  means  are  resorted  to,  namely,  wash- 
ing out  the  stomach  and  as  much  of  the  gut  as  possible  often  reduces 
the  violent  paristalsis  and  this  is  due,  perhaps,  to  the  removal  of  sub- 
stances out  of  which  imtating  and  toxic  products  are  formed  by 
bacteria. 

In  conclusion,  I  would  remark  that  our  knowledge  of  the  fate  of 
lecithin  in  the  digestive  canal  under  normal  conditions  is  very  defi- 
cient. The  assumption  that  it  is  saponified  by  the  fat-splitting  enzyme 
of  the  pancreatic  juice,  thus  yielding  cholin,  glycero-phosphoric  acid 
and  fatty  acids,  rests  on  the  work  of  Bokai  *  in  1877  and,  as  that 
investigator  himself  admits,  without  excluding  bacterial  action.  This 
omission  throws  grave  doubts  on  the  results.  If  the  assumption  of 
Bokai  be  correct,  caution  must  be  observed  in  the  use  of  some  foods 
that  have  been  considered  most  nutritious  and  healthful;  for  instance, 
the  ingestion  of  a  meal  made  up  largely  of  eggs  would  hardly  be 
without  danger  because  of  the  poisonous  action  of  the  large  quantity 
of  cholin  liberated  from  the  lecithin  and  the  probability  of  the  forma- 
tion of  the  highly  poisonous  neurin. 

It  is  my  purpose  in  the  near  future  to  examine  this  question  with 
the  help  of  modem  methods. 

*  Zeitschr.  f.  physiol.  Chem.,  i,  157. 


ON  THE  VALUE  OF  UKOTROPIN  AS  A  URINARY  ANTI- 
SEPTIC ^YYnl  ESPECIAL  REFERENCE  TO  TVS 
USE  IN  TYPHOID  FEVER." 

By  MAEK  WYMAN  RICHARDSON,  M.  D.,  Boston,  Mass. 
{From  the  Pathological  Laboratory  of  the  Massaclmsetts  General  Hospital.) 

In  a  previous  number  of  this  Journal  f  the  writer  published  an 
article  "Upon  the  Presence  of  the  Typhoid  Bacillus  in  the  Urine," 
and,  as  the  result  of  observations  upon  38  cases  of  typhoid  fever, 
drew  the  following  conclusions:  (1)  Typhoid  bacilli  were  demon- 
strated in  9  out  of  the  38  cases  (about  25  per  cent).  (2)  The  bacilli, 
when  demonstrated,  were  always  present  in  large  numbers,  and  in 
practically  pure  culture.  (3)  The  bacilli  appeared  first  in  the  later 
stages  of  the  disease,  and  persisted,  in  the  great  majority  of  cases,  far 
into  convalescence.  The  urine  of  typhoid  patients  should,  therefore, 
not  only  be  rigorously  disinfected  during  the  disease,  but  should  also 
be  carefully  supervised  during  convalescence.  (4)  The  typhoid  bacilli 
were  practically  always  associated  with  albuminuria  and  the  presence 
of  renal  casts.  On  the  other  hand,  urines  containing  considerable 
amounts  of  albumin  and  casts  in  large  numbei'S  often  showed  no 
typhoid  bacilli.  (5)  Imgation  of  the  bladder  with  antiseptic  solu- 
tions offers  a  possible  means  for  removing  pennanently  the  bacilli 
from  the  urine. 

Since  the  publication  of  that  article  two  further  contributions  to 
the  subject  have  come  to  my  notice,  the  first  by  Horton-Smith  and 
the  second  by  Petruschky.  The  work  of  Horton-Smith  appeared  in 
1897  in  the  Transactions  of  the  Medical  and  Surgical  Society  of 
London,  and  should  properly  have  been  included  in  the  literature 
mentioned  in  my  prcA^ous  article.     Horton-Smith  examined  the  urines 

*  Final  report  of  work  done  under  the  provisions  of  the  Dalton  Scholar- 
ship for  1897-8. 
t  Journal  of  Experimental  Medicine,  1898,  iii,  349. 
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of  Y  typhoid  patients,  with  3  positive  results.  His  conclusions  were 
in  general  Tery  similar  to  mine.  Horton-Smith  also  pointed  out  the 
fact  that  the  typhoid  bacilli  can  be  demonstrated  oftentimes  in  cover- 
glass  preparations  from  the  urine;  and,  further,  that  the  organisms 
may  be  so  numerous  as  to  render  the  urine  distinctly  turbid. 

Petruschky  *  examined  the  urines  of  50  typhoid  patients  with  but 
three  positive  results.  Petruschky  followed  the  cases  into  convales- 
cence, and  found  that  the  first  case  retained  the  bacilli  two  months 
after  the  temperature  had  reached  the  normal  point;  that  in  the  second 
case  the  bacilli  were  still  present  a  month  and  a  half  after  the  disap- 
pearance of  fever;  that  in  the  third  case  the  organisms  had  disappeared 
eight  days  after  the  beginning  of  convalescence.  The  fact  that  the 
organisms  were  present  in  enonnous  numbers  was  strongly  emphasized 
by  Petruschky.  According  to  his  calculation  a  single  cubic  centi- 
metre of  urine,  in  one  case,  contained  170,000,000  typhoid  bacilli. 

Finally,  through  the  courtesy  of  Dr.  Har\-ey  Gushing,  T  am  per- 
mitted to  report  briefly  a  most  remarkable  case  observed  recently  at 
the  Johns  Hopkins  Hospital.  The  patient,  a  man,  had  been  in  the 
Johns  Hopkins  Hospital  five  years  before  with  an  attack  of  typhoid 
fever.  Ever  since  his  discharge  from  the  hospital  he  had  had  trouble 
Avith  his  urine.  Investigation  showed  him  to  be  suffering  from  a 
cystitis,  and  the  typhoid  bacillus  was  obtained  in  pure  cidtnrc  from 
his  urine. 

We  see,  therefore,  in  the  light  of  the  accumulated  evidence,  that 
our  supervision  of  patients  sick  ^rith  typhoid  fever  has  hitherto  been 
very  inadequate;  that  we  must  disinfect  carefully  the  urines  as  well 
as  the  stools  of  tj^hoid  patients;  that  the  necessity  for  such  disinfection 
and  supervision  does  not  cease  with  the  fever,  but  must  be  kept  up, 
oftentimes  for  weeks  and  sometimes  for  years. 

In  the  previous  article  already  referred  to,  the  question  of  treat- 
ment for  this  condition  was  barely  touched  upon.  In  a  single  case 
the  bladder  was  irrigated  with  antiseptic  solutions,  and  the  results 
demonstrated  the  comparative  uselessness,  as  a  remedy,  of  boric  acid, 
and  the  effectiveness  of  coiTOsive  sublimate.  Irrigation,  however, 
with  its  necessary  catheterization,  is  not  a  method  of  treatment  easily 

*  Ccntralbl.  f.  Bakt.,  1898,  xxiii,  577. 
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n]ti)licalil(\  aiid  it  was  next  dctcM-iiiiiicd  to  trv  the  effect  of  the  so-called 
urinary  antiseptics,  salol,  hcii/.datc  (it*  aiiinionia,  iirotropin,  etc.,  given 
internally. 

The  nninber  of  cases  of  t_vi)h()i(l  fever  comprised  in  the  present 
series  is  CO,  and  the  nnmher  of  specimens  of  urine  examined  190.  Of 
the  66  cases,  14  showed  the  presence  of  typhoid  hacilli  in  the  nrine. 
'i'he  percentage  of  positive  results  is  therefore  somewhat  smaller  than 
in  the  previous  series,  a  difference  dne  possibly  to  the  fact  that,  in  the 
latter  series,  the  nrines  were  first  examined  at  or  about  the  beginning 
of  convalescence;  whereas,  in  the  fonner,  investigation  was  begun 
early  in  the  disease.  For  this  reason  it  is  entirely  possible  that  in  a 
number  of  cases  the  urines  had  contained  bacilli,  but  that  these  had 
disappeared  spontaneously  before  investigation  was  begun.  Eveiy 
case  showed  at  some  time  during  the  disease  a  positive  typhoid  serum 
reaction  (AVidal). 

The  methods  employed  in  obtaining  the  urines,  and  the  tests  applied 
in  the  identification  of  the  tyjihoid  cultures,  were  the  same  as  in  the 
previous  series.* 

The  positive  cases,  their  course  and  treatment,  may  be  outlined 
briefly  as  follows: 

Case  VIII.  Clinical  course,  severe.  Eelapse.  Urine  was  examined 
on  the  39th,  46th,  50th,  53rd,  57th,  and  61st  days.  Salol  was  given, 
10  grs.  t.  i.  d.  from  the  42nd  to  the  55th  day.  The  bacilli  persisted, 
however,  in  large  numbers,  and  the  patient  left  the  hospital  with  the 
condition  unrelieved. 

Case  IX:  Clinical  course  very  mild.  Bacilli  present  in  the  urine  of 
22nd  and  28th  days.  The  number  of  organisms  was  alwaj's  small. 
Treatment:  salol  10  grs.  t.  i.  d.  from  the  26th  to  the  35th  day.  Urine 
of  the  32nd  and  35th  days  showed  no  bacilli. 

Case  X.  Clinical  course  very  severe.  Eelapse  with  streptococcus  in- 
fection. Death.  Bacilli  present  in  urine  in  very  large  numbers  on 
the  19th,  25th,  43rd,  76th,  and  79th  days.  Xo  treatment  was  instituted 
in  this  case. 

Case  XVI.  Clinical  course  very  severe,  followed  b_y  cholecystitis. 
Cholecystotomy  was  performed  and  many  stones  of  considerable  size 
evacuated.     Fluid  from  the  gall  bladder  showed  typhoid  bacilli  in  pure 

*  Loc.  cit. 
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culture.  In  this  case  salol  was  given  in  10  grain  doses  three  times  a  day 
from  the  28th  to  the  35th  day.  The  urine  became  dark  on  standing. 
In  spite  of  the  treatment,  however,  typhoid  bacilli  were  found  in  large 
numbers  in  the  urines  of  the  28th,  35th,  39th,  and  4:3rd  days.  At  the 
suggestion  of  Dr.  H.  F.  Vickery  it  was  then  resolved  to  try  urotropin, 
and  the  drug  was  given  in  doses  of  10  grains  three  times  daily  from  the 
45th  to  the  54th  day.  Further  examination  of  the  urine  was  made  on 
the  ■47th,  49th,  52nd,  57th,  and  71st  days,  and  not  a  typhoid  bacillus 
could  be  demonstrated.  Moreover,  it  is  to  be  noted  that  upon  the  day 
of  the  last  examination  (71st  day)  17  days  had  elapsed  since  the  last 
dose  of  urotropin.  The  removal  of  the  bacilli  was,  therefore,  perma- 
nent, and  not  confined  merely  to  the  time  during  which  the  drug  was 
administered. 

Case  XV.  Clinical  course  moderately  severe.  Typhoid  bacilli  were 
found  in  large  numbers  on  the  32nd  day.  Urotropin,  10  grains  t.  i.  d., 
was  given  from  the  33rd  to  the  38th  day,  and  from  the  45th  to  the 
53rd  day.  The  urines  of  the  35th,  38th,  45th,  53rd.  and  orth  days 
showed  no  typhoid  bacilli.  After  50  grains  of  urotropin  the  bacilli  had 
disappeared,  and  two  weeks  after  the  administration  of  the  drug  had 
been  stopped  no  bacilli  had  reappeared. 

Case  XXV.  Clinical  course  very  severe.  Death.  Typhoid  bacilli 
found  in  urine  of  the  15th  day.     Case  not  treated. 

Case  XXVIII.  Clinical  course  moderately  severe.  Typhoid  bacilli  in 
very  large  numbers  found  in  urines  of  34th  and  38th  days.  Urotro])in. 
10  grains  t.  i.  d.,  was  given  from  the  38th  to  the  42nd  day.  On  the  40th 
day  no  bacilli  could  be  found — a  fact  which  is  the  more  remarkable  when 
it  is  noted  that  the  patient  vomited  four  of  the  five  doses  given.  The 
amount  of  urotropin  actually  absorbed  must  have  been  very  small,  still 
its  action  was  effective.  On  the  47th  day — 5  days  after  urotropin  was 
stopped — no  bacilli  had  reappeared  in  the  urine,  and  a  similar  result  was 
obtained  upon  the  108th  day. 

Case  XXXIII.  Clinical  course  moderately  severe.  Typhoid  bacilli 
present  in  large  numbers  on  the  25th  day.  Urotropin,  10  grains  t.  i.  d., 
was  given  from  the  26th  to  the  27th  day.  On  the  27th  day,  after  only 
20  grains  had  been  given,  the  bacilli  had  disappeared.  Further  exami- 
nation on  the  70th  day  showed  no  bacilli. 

Case  XXXIV.  Clinical  course  moderately  severe.  Bacilli  present  in 
urines  of  the  12th  and  13th  days  in  large  numbers.  Urotropin,  10  grains 
t.  i.  d.,  from  the  13th  to  the  16th  day.  On  the  I4th  day.  after  30  grains 
of  the  drug,  the  bacilli  had  not  entirely  disappeared,  but  the  number 
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had  been  reduced  from  millions  to  hundreds  per  cnbic  centimetre.  On 
the  15th  day,  after  60  grains  of  nrotropin,  no  bacilli  were  seen.  On  the 
2()th  (lav  tluM'o  was  also  a  negative  result.  On  the  38th  day,  however, 
I  was  much  surprised  to  find  that,  not  only  had  the  bacilli  returned  to 
the  urine,  but  there  was  also  a  mild  cystitis— a  condition  which  had  not 
been  present  previously.  Urotropin  was  at  once  resuuiinl,  and  given 
from  the  38th  to  tlie  ITth  day.  On  the  iOth  day  no  bacilli  could  be 
cultivated  from  the  urine,  and  the  evidence  of  cystitis  had  largely  disap- 
peared. The  urines  of  the  43nd  and  the  47th  day  showed  no  bacilli. 
On  the  50th  day,  three  days  after  stopping  urotropin,  the  bacilli  had 
again  reappeared,  though  in  comparatively  small  numbers.  Urotropin 
was  again  begun,  this  time  in  20  grain  doses  three  times  daily.  After 
40  grains  no  bacilli  were  found.  On  the  55th  day  the  drug  was  again 
stopped.     On  the  64th  day  the  bacilli  had  not  reappeared. 

Case  XLIII.  Clinical  course  severe  Avith  relapse.  Typhoid  l^acilli 
present  in  moderately  large  numbers  on  the  14th,  23rcl,  and  37th  days. 
Urotropin,  10  grains  t.  i.  d.,  was  given  from  the  38th  to  the  40th  day. 
Urine  of  the  40th  day,  after  40  grains  of  the  drug,  showed  no  bacilli. 

Case  XLIV.  Clinical  course  moderately  severe.  Typhoid  bacilli  first 
found  on  38th  day.  Urotropin,  10  grains  t.  i.  d.,  from  the  39th  to  the 
43rd  day.  Urine  examined  on  43rd,  50th,  and  56th  day,  but  no  bacilli 
were  found  after  40  grains  of  urotropin  had  been  taken. 

Case  LIII.  Clinical  course  very  severe.  Typhoid  bacilli  in  moder- 
ately large  numbers  on  the  61st  and  62nd  day.  On  the  64th  day  urotro- 
pin, ]0  grains  t.  i.  d.,  Avas  begun  and  continued  till  the  73rd  day.  On 
the  65th  day  (after  40  grains)  the  bacilli  still  persisted  in  small  numbers 
(hundreds  to  the  cubic  centimetre).  On  the  66th  day  (after  90  grains) 
no  bacilli  could  be  found.  On  the  6Sth  day  (after  150  grains)  a  cubic 
centimetre  of  urine  showed  two  colonies  of  typhoid  bacilli.  On  the 
70th  day  (after  210  grains)  no  bacilli  were  found.  Examinations  made 
upon  the  78th,  79th,  and  92nd  days  Avere  similarly  negative. 

Case  LV.  Clinical  course  moderately  severe.  Urine  of  21st  and  22nd 
days  shoAved  typhoid  bacilli  in  enormous  numbers,  as  Avell  as  a  cystitis 
of  moderate  severity.  Urotropin,  10  gi-ains  t.  i.  d.,  Avas  given  from  the 
22nd  to  the  31st  day.  On  the  24th  and  27th  days  no  bacilli  coidd  be 
demonstrated.  Moreover,  the  evidences  of  cystitis  had  decreased  mark- 
edly. On  the  34th  day  a  few  bacilli  were  found,  but  they  disappeared 
Avithout  treatment  on  the  35th  day.  The  patient  now  left  the  hospital, 
and  was  instructed  to  continue  the  urotropin  as  a  precautionary  measure 
from  the  36th  to  the  43rd  day.  Further  examination  on  the  50th  day 
showed  no  bacilli. 
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Case  LVII.  Clinical  course  extremely  severe  and  complicated  by  a 
pneumonia.     Death.     Bacilli  first  found  in  urine  obtained  at  autopsy. 

To  sum  up  briefly,  we  find  that — 

(1)  Of  66  cases  of  typhoid  fever,  14  sho\ved  the  presence  of  typhoid 
bacilli  in  the  urine. 

(2)  Eleven  cases  were  submitted  to  treatment  with  the  following 
results: 

(a)  Two  cases  received  salol  alone,  and  in  one  instance  the  bacilli 
disappeared. 

(h)  One  case  received  first  salol,  with  negative  results.  Urotropin 
was  then  substituted  for  the  salol,  and  the  l)aeilli  disappeared  almost 
immediately. 

(c)  Nine  cases  (including  the  case  treated  first  with  salol)  were 
treated  with  urotropin,  and  in  every  instance  the  use  of  the  drug  was 
followed  by  the  disappearance  of  the  bacilli.  Moreover,  this  remark- 
able result  was  accomplished  in  eight  out  of  the  nine  cases  by  60 
grains  or  less  of  the  remedy.  A  single  case  (LIII)  required  200  grains 
to  remove  the  organisms.  Seven  cases  were  followed  for  7,  9,  13,  14, 
17,  19,  43  and  66  days,  respectively,  after  the  administration  of 
urotropin  was  stopped,  and  no  bacilli  had  reappeared.  It  is  fair  to 
assume,  therefore,  that  in  these  cases  the  removal  of  the  typhoid  or- 
ganisms was  permanent.  One  case  was  not  followed  subsequent  to 
the  omission  of  the  urotropin. 

Aside  from  the  question  of  treatment,  few  conclusions  different 
from  those  stated  in  the  previous  article  can  be  drawn. 

As  already  pointed  out  by  Horton-Smith,  the  bacilli  are  often  so 
numerous  as  to  cause  distinct  turbidity  in  the  urine.  For  this  reason 
a  turbid  urine  (freshly  passed),  especially  if  acid  in  reaction,  should 
always  be  regarded  with  suspicion.  Moreover,  if  such  a  urine  when 
examined  microscopically,  either  fresh  or  stained  as  recommended  by 
Horton-Smith,  shows,  as  it  often  does,  the  presence  of  bacilli,  it  can 
be  prophesied  with  great  probability  that  the  organisms  are  typhoid 
bacilli,  and  the  results  of  the  cultures  can  be  foretold  with  considerable 
certainty. 
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THE  NATURE  AND  ACTION  OF  UROTROPIN. 

I'rotropin  was  first  introduced  in  1894  by  Xicolaier,*  and  is  said  to 
be  formed  by  the  action  of  four  molecules  of  ammonia  upon  six 
molecules  of  formaldehyde.  It  appears  in  the  urine  partly  as  uro- 
tropin  and  partly  as  foniialdehyde.  Urine  containing  urotropin  gives 
with  bromine  w^ater  a  yellow-brown  precipitate  of  dibrom-urotropin. 
It  appeal's  in  the  urine  as  early  as  fifteen  minutes  after  its  adminis- 
tration, and  can  be  demonstrated  twelve  hours  after  a  single  dose  of 
7-J  grains.  Indeed  in  rare  instances  the  drug  can  be  demonstrated  for 
two  weeks  after  its  administration  has  been  stopped. 

Xicolaier  claimed  that  urotropin  would  assist  in  the  solution  of  uric 
acid  concretions,  and,  further,  would  prevent  the  development  of 
bacteria  in  the  urine. 

Casper  +  and  ^lendelsohn  +  could  not  agree  with  Xicolaier  as  to 
the  solvent  powers  of  the  drug,  but  as  a  unuary  antiseptic  they  recom- 
mended it  very  highly,  especially  in  suppurative  pyelitis  and  cystitis. 
Casper  also  found  urotropin  valuable  in  so-called  essential  phospha- 
turia,  and  before  all  operations  upon  the  urinary  tract  he  used  the 
drug  to  render  the  urine  aseptic.  Elliott  §  praises  urotropin  highly 
as  a  remedy  in  cystitis,  and  finds  it  much  superior  to  salol,  benzoate 
of  ammonium,  resorcin,  napthalin,  guaiacol,  and  boric  acid.  Elliott 
observed  no  ill  effects  whatever  from  the  use  of  the  drug,  and  this 
has  been  the  experience  of  all  other  observer.  Rarely  as  the  result 
of  large  doses  there  may  occur  burning  sensations  at  the  neck  of  the 
bladder,  with  increased  frequency  of  micturition,  but  these  symptoms 
disappear'immediately  upon  the  omission  of  the  drug  or  the  reduction 
of  its  dose. 

In  my  series  of  typhoid  cases  a  large  number  had  renal  disturbance, 
as  evidenced  by  the  presence  of  albumin  and  casts  in  the  urine,  but 
in  no  case  did  the  urotropin  increase  the  gravity  of  the  condition.  In 
one  case,  as  already  stated,  the  drug  caused  nausea  and  vomiting,  but 
this  effect  was  due,  I  am  sure,  to  the  fact  that,  through  a  mistake, 

*  Centralbl.  f.  d.  ined.  Wiss.,  1S94,  p.  S97,  and  Deutsche  med.  Woch.,  1895,  p.  541. 

■f  Deutsche  med.  Wocli.,  1S97.  Therap.  Beilage,  p.  75. 

±  Berlin,  klin.  Woch..  1S9S.  p.  48. 

§  Xorth  American  Pract..  1897.  ix,  451. 
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tlie  remedy  was  given  on  an  empty  stomach,  instead  of  in  tlie  proper 
manner,  after  food. 

Colin  *  reports  great  improvement  in  cases  of  chronic  cystitis  asso- 
ciated with  enlarged  prostate  and  urethral  stricture.  In  cystitis  fol- 
lowing acute  gonorrhoea,  and  in  tubercular  cystitis,  there  was  no  im- 
provement. 

Loebsch  f  used  urotropin  in  the  case  of  a  woman  who  had  large 
amounts  of  uric  acid  in  the  urine,  and  who,  moreover,  had  symptoms 
of  stone  in  the  kidney.  The  use  of  urotropin  was  followed  by  com- 
plete recovery. 

My  own  experience  with  urotropin  in  conditions  other  than  typhoid 
fever  is  limited,  but  confirms  in  general  the  results  obtained  by  others. 
In  a  later  paper  I  shall  hope  to  give  a  detailed  account  of  these  cases. 

Returning  to  the  question  of  the  urine  in  typhoid  fever,  we  draw, 
as  the  result  of  these  investigations,  the  following  conclusions: 

(1)  The  urine  of  typhoid  ]iatients  may  contain  typhoid  bacilli  in 
enormous  numbers. 

(2)  The  bacilli  may  persist  in  the  urine  for  weeks,  months,  or 
even  years,  and  thus  constitute  (a)  a  danger  to  the  patient  himself 
(cystitis,  orchitis,  and  epididymitis?),  and  (6),  what  is  much  more 
important,  a  grave  source  of  danger  to  the  public  health. 

(3)  The  necessity  for  the  rigid  disinfection  and  superA^ision  of 
typhoid  urine  is  apparent. 

(4)  In  9  cases  of  typhoid  fever  in  which  the  urine  contained  typhoid 
bacilli,  urotropin  never  failed  to  remove  the  organisms.  In  7  cases 
the  elimination  of  the  bacilli  was  permanent.  In  one  case  the  omis- 
sion of  the  urotropin  was  followed  upon  three  separate  occasions  by 
the  return  of  the  typhoid  organisms  to  the  urine.  The  fourth  attempt 
was  successful.  One  case  was  not  followed  after  the  urotropin  was 
stopped.  There  is  therefore  the  possibility  that  in  this  case  also  the 
bacilli  returned,  but  I  do  not  regard  this  as  probable. 

(5)  In  the  great  majority  of  cases  60  grains  of  urotropin  are  suffi- 
cient to  remove  the  typhoid  bacilli.  Exceptionally,  however,  as  much 
as  200  to  300  grains  are  required. 

*  Berlin,  klin.  Woch.,  1897,  p.  914. 
t  Wien.  klin.  Woch.,  1897,  No.  12. 
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(6)  Inasmuch  as  it  is  impossible,  without  bacteriological  examina- 
tion, to  tell  whether  or  not  a  urine  contains  typhoid  bacilli,  all  typhoid 
patients  should  receive  urotropin,  30  grains  daily  for  10  days,  begin- 
ning with  the  third  or  fourth  week  of  the  disease,  as  convalescence 
approaches.  Probably  equally  good  results  could  be  accomplished  by 
the  administration  of  small  doses  (10  grains  daily)  of  tlie  drug 
throughout  the  disease. 

I  take  this  opportunity  of  expressing  my  thanks  to  the  members  of 
the  Visiting  and  House  Staff  of  the  Massachusetts  General  Hospital 
for  the  abundant  clinical  material  placed  at  my  disposal.  I  am  also 
much  indebted  to  the  Director  of  the  Pathological  Laboratory,  Dr. 
J.  H.  Wright,  who  has  assisted  me  in  eveiy  possible  way  in  canying 
out  this  work. 
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REGENERATION  OF  THE  DORSAL  ROOT  FIBRES  OF  THE 

SECOND  CERVICAL  NERVE  WITHIN  THE 

SPINAL  CORD. 

By  W.  S.  BAER,  p.  M.  DAWSON  a.nd  H.  T.  MARSHALL. 
(From  the  Physiological  Laboratory  of  the  Johns  EopMns  University.) 

INTRODUCTION. 

The  object  of  the  researches  -here  described  was  to  determine 
"whether  there  is  or  is  not,  within  the  cord,  regeneration  of  the  fibres 
of  the  doi-sal  roots  of  the  spinal  nerves  following  the  degeneration 
caused  by  injury  to  the  roots  between  the  spinal  ganglion  and  the 
cord,  and  also  to  show  the  amount  of  this  regeneration,  if  any  should 
occur. 

With  this  object  in  view  experiments  were  conducted  upon  the 
second  cervical  nerve  in  the  dog.  The  selection  of  this  nerve  was 
suggested  by  the  following  considerations:  In  the  first  place,  the  pos- 
terior root  ganglion  of  the  second  cervical  ner\'e  in  the  dog  lies  nor- 
mally outside  the  intervertebral  foramen,  so  that  experiments  upon 
the  roots  are  much  easier  and  the  risk  of  injuring  the  cord  is  much 
less  than  it  would  be  were  it  necessary  to  open  the  vertebral  canal. 
Moreover,  the  second  cervical  nerve  in  the  dog  is  connected  with  the 
sympathetic  system,  not  by  a  mixed  ramus  communicans,  but  by  a 
gray  ramus  alone ;  a  fact  of  some  importance,  as  will  be  shown  later. 

Evidences  of  regeneration  were  sought  for  both  by  physiological 
and  by  histological  methods.  The  present  article  deals  with  the 
physiological  methods  and  the  results  obtained  by  them,  while  a  dis- 
cussion of  the  subject  from  a  histological  standpoint  will  appear  later. 

The  literature  of  this  subject  is  not  extensive,  and  most  of  it  dates 
from  a  period  when  the  ideas  concerning  the  relations  of  the  nerve 
fibres  and  cells  were  less  complete  than  at  the  present  day.  In  the 
very  brief  summary  of  this  literature  that  is  here  presented  no  especial 
attempt  is  made  to  criticise  the  older  results  in  the  light  of  newer 
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knowledge,  since  our  object  is  simply  to  call  attention  to  the  work 
previouslv  done  in  this  field.  On  the  clinical  side,  so  far  as  the 
"writei-s  can  ascertain,  no  satisfactory  cases  are  reported  for  man  of 
regeneration  and  return  of  function  after  lesions  involving  the  destruc- 
tion of  any  part  of  the  central  nervous  system.  On  the  experimental 
side,  the  subject  of  regeneration  in  the  cord  or  brain  has  been  studied 
more  carefully  by  histological  than  by  physiological  methods.  The 
efforts  made  to  prove  by  physiological  means  the  possibility  of  regen- 
eration have  been  limited  mainly  to  observations  upon  the  return  of 
sensation  or  voluntary  movement.  The  results  are  therefore  less  cer- 
tain and  more  open  to  double  interpretation  than  would  be  the  case 
if  more  exact  experimental  methods  had  been  employed. 

H.  Miiller  (1)  cut  off  the  tails  of  lizards  and  tritons  and  demon- 
strated that  anatomical  and  phj^siological  regeneration  of  the  spinal 
cord  in  the  regenerating  tail  may  take  place,  although  incompletely. 

Masius  and  Vanlair  (3)  also  obtained  regeneration  and  return  of  func- 
tion in  frogs  after  excising  pieces  of  the  spinal  cord.  In  some  cases  the 
regeneration  was  complete. 

Voit  (3)  claimed  a  regeneration  and  partial  return  of  function  after  re- 
moval of  the  cerebral  hemispheres  of  a  pigeon.  This  claim  has  probably 
been  disproved  by  later  experimenters,  and  the  fact  that  in  Voit's  case 
the  animal  never  ate  voluntarily  nor  showed  signs  of  fear  indicates  that 
the  return  of  function  was  not  more  complete  than  in  the  cases  of 
Schrader,  in  which  the  entire  cerebrum  was  undoubtedly  lacking. 

Brown-Sequard  (4)  described  a  return  of  function  after  section  of  the 
cord  in  pigeons  and  guinea-pigs.  In  the  former  the  return  was  com- 
plete, in  the  latter  only  partial. 

Dentan  (5),  Eichhorst  and  Naunyn  (6)  and  subsequently  Eichhorst  (7) 
described  voluntary  movements  in  dogs  after  section  of  the  spinal  cord. 
But  viewed  in  the  light  of  the  work  of  Schiefferdecker  (8)  and  of  the 
careful  description  of  reflex  movements  furnished  by  Freusberg  (9),  it 
seems  not  impossible  that  these  movements  were  of  a  reflex  character. 

In  connection  with  his  interesting  microscopical  work,  Kahler  (10) 
made  a  few  experimental  observations.  He  crushed  the  dorsal  roots  of 
the  sixth  and  seventh  lumbar  and  first  and  second  sacral  nerves  in  young 
dogs.  The  resulting  anaesthesia  and  loss  of  reflexes  persisted,  except 
that,  after  a  few  months,  a  hard  pinch  of  the  toes  appeared  to  cause  pain. 
It  is  difficult  to  understand  this  latter  result  -^nthout  supposing  that  the 
crushed  nerves  again  formed  connections  in  the  spinal  cord. 
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It  tlnis  appears  that  in  \]\o  lower  vertebrates  a  certain  amount  of 
return  of  function  can  follow  a  lesion  in  the  central  nervous  system, 
while  it  is  not  yet  doeidod  cortainly  whothor  any  sufh  return  is  possible 
among  higher  animals. 

METHOD  OF  INVESTIGATION. 

In  our  experiments  we  made  use  of  the  second  ceiwical  nerve  and 
a  short  description  of  the  anatomical  relations  of  this  nerve  are  given 
first,  as  it  may  make  clearer  the  subsequent  account  of  the  results  of 
the  experiments. 

The  dorsal  and  ventral  roots  of  the  second  cervical  nerve,  after  uniting 
in  the  intervertebral  foramen,  pass  together  to  the  ganglion,  which  lies 
about  2  mm.  external  to  the  foramen.  Beyond  the  ganglion  the  nerve 
trunk  divides  into  a  dorsal  and  a  ventral  branch.  The  former  in  turn 
divides  into  three  main  branches.  The  gangbon  and  the  origin  of  these 
three  dorsal  branches  lie  on  the  ventral  surface  of  the  m.  rect.  cap. 
(posticus)  major,  and,  as  they  curve  around  the  lower  border  of  this 
muscle,  these  branches  begin  to  diverge  from  one  another.  The  main 
branch,  n.  occip.  magnus,  has  the  following  cephalad  course:  Over  the 
ventral  surface  of  the  m.  complexus,  through  the  substance  of  this 
muscle,  emerging  close  to  the  median  line  of  the  neck;  thence  over  the 
superficial  surface  of  the  m.  temporalis  to  terminate  in  the  m.  levator 
auris  longior  and  the  integument  of  the  region  about  the  ear.  A  second 
branch  passes  beneath  the  larger  branches  of  the  third  cervical  nerve, 
but  without  communicating  with  this  nerve,  and  enters  the  m.  complexus, 
where  its  finer  ramifications  anastomose  with  similar  branches  of  the 
third  cervical  nerve.  The  third  branch,  after  passing  beneath  the  m. 
complexufe,  enters  the  m.  splenius,  where  its  ramifications  also  anastomose 
with  those  of  the  third  cervical  nerve. 

The  ventral  trunk  passes  between  the  m.  longus  capitis  and  the  m. 
longissimus  capitis,  and  then  internal  to  the  m.  sternocleido-mastoideus. 
It  gives  off  communicating  branches  to  the  n.  accessorius  and  divides  into 
the  n.  auric,  magnus  and  smaller  branches,  which  are  distributed  to  the 
lower  part  of  the  neck. 

The  method  employed  in  experimenting  on  this  nen'e  was  as  fol- 
lows: The  continuity  of  the  dorsal  root  fibres  was  destroyed  by  ligation 
of  the  roots  between  the  ganglion  and  the  cord.  The  animals  were 
allowed  to  live  for  a  variable  period  after  the  operation  so  that  the 
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lesion  might  be  followed  by  degeneration  of  all  the  nerve  fibres 
entering  the  cord  by  the  dorsal  root,  throughout  their  whole  extent 
central  to  the  point  of  ligation.  After  a  period  of  not  less  than  88 
days  (the  maximum  being  151  days),  the  nerve  was  tested  for  return 
of  function.  Such  a  return  would  be  indicated  by  the  reflex  varia- 
tions in  blood  pressure,  pulse  rate  and  respiration,  which  might  follow 
stimulation  of  the  nerve  in  question.  The  nerve  and  cord  were  after- 
wards studied  histologically. 

As  control  experiments  kymographic  tracings  were  obtained,  show- 
ing the  variations  due  to  stimulation  of  the  second  cervical  nerve  in 
two  normal  dogs.  In  one  of  these  (Dog  B)  the  roots  were  then 
ligated  in  the  usual  manner  and  the  neiwe  again  stimulated  but  with 
negative  results.  In  all  cases  both  the  anterior  and  posterior  roots 
were  ligated,  as  it  was  impossible  to  separate  them,  a  fact  without 
significance  in  the  experiment  as  only  motor  fibres  occur  in  the 
anterior  root. 

Ligation  of  the  roots. — The  dog  was  etherized,  the  back  of  its  neck 
shaved,  well  scrubbed  and  then  washed  with  bichloride  (1:1000).  An 
incision  was  made  about  8  cm.  in  length,  extending  from  a  point  about 
2  cm.  above  the  protub.  occipit.  extern,  down  the  mid-line  of  the  neck. 
This  incision  passed  through  the  skin  and  subcutaneous  tissue,  which 
were  then  retracted,  exposing  the  n.  occipit.  magnus  running  to  the  ear. 
By  separating  and  retracting  the  muscles  and  dividing  the  m.  rect. 
capitis  (posticus)  major. transversely,  both  the  ganglion  and  the  more 
central  ^aart  of  the  nerve  were  exposed.  After  carefully  freeing  the  roots 
from  the  surrounding  tissue,  a  white  siJk  ligature  was  passed  around 
them  and  tied  tightly.  After  a  few  moments  the  ligature  was  removed 
with  a  pair  of  fine,  sharp  scissors,  leaving  a  constriction  of  the  roots 
plainly  visible  at  the  point  of  ligation,  the  two  parts  of  the  nerve  being 
united  only  by  a  tube  of  translucent  connective  tissue — the  epineurium — 
while  the  continuity  of  the  enclosed  fibres  was  destroyed.  The  field  of 
operation  was  then  thoroughly  irrigated  with  warm,  sterile  salt  solution, 
except  in  the  cases  of  dogs  II  and  III,  in  which  irrigation  w4th  bi- 
chloride (1:1000)  preceded  the  use  of  the  salt  solution;  the  muscles  were 
brought  together  with  deep  catgut  sutures  and  the  skin  wound  was 
closed  with  a  continuous  silk  suture;  the  wound  was  painted  with  collo- 
dion and  dressed  with  iodoform  gauze  and  bandaged.  In  none  of  the 
cases  did  suppuration  occur. 
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Test  for  regeneration. — No  antiseptic  precautions  were  observed.  The 
dog  was  given  a  hypodermic  injection  of  0.05  gramme  of  the  sulphate  of 
morphia,  and  etherized;  the  trachea  and  carotid  artery  were  connected 
with  a  tambour  and  a  mercury  manometer  respectively,  and  these  in  turn 
were  arranged  to  record  upon  a  kymographion.  A  time  recorder  and  a 
stimulating  key  also  wrote  upon  the  kymographion,  so  that  the  kymo- 
graphic  tracings  were  made  to  show  four  simultaneous  records,  namely, 
of  the  circulation,  respiration,  time,  and  duration  of  the  stimulation. 

The  nerve,  ganglion  and  roots  were  exposed  as  in  the  first  operation, 
but  greater  difficulty  was  encountered  owing  to  the  presence  of  a  con- 
siderable amount  of  scar  tissue.  In  dogs  A,  I  and  II,  the  entire  nerve 
was  exposed  before  stimulating;  in  dogs  B,  III,  IV,  V,  VI  and  VII,  stim- 
ulations were  made  as  the  dissection  advanced  towards  the  ganglion. 

The  electrical  stimulations  were  faradic  and  of  varying  strength; 
weak,  moderate  and  strong.  A  weak  stimulus  was  a  current  just  percep- 
tible on  touching  the  electrodes  to  the  tongue;  a  strong  stimulus  was  a 
current  painful  to  the  tongue,  and  a  moderate  stimulus  was  of  inter- 
mediate strength.  Care  was  taken  at  each  stimulation  to  prevent  radia- 
tion through  the  surrounding  tissues.  In  some  cases  mechanical  stimu- 
lation was  employed,  which  consisted  in  crushing  the  nerve  ^vith  forceps, 
or  in  tightly  ligating  it. 

After  the  desired  data  had  been  obtained,  the  animal  was  killed;  the 
vertebral  canal  and  cranial  cavity  were  laid  open  with  bone  forceps;  the 
brain  and  spinal  cord,  as  far  caudally  as  the  sixth  cervical  nerve,  were 
removed  for  histological  examination.  Great  care  was  taken  not  to 
injure  the  brain  and  cord.  The  right  second  cervical  nerve  with  its 
ganglion  and  roots  was  also  removed  for  histological  examination. 

For  the  sake  of  clearness  and  convenience  the  results  of  the  kymo- 
graphic  tracings  have  been  tabulated  (Table  I).  The  table  does  not 
include  the  results  of  every  stimulation,  for  where  several  stimuli  in 
the  same  region  gave  identical  results  only  one  or  two  have  been  taken 
as  examples.  Also,  all  results  have  been  discarded  where  it  seemed 
possible  that  they  were  influenced  by  any  accidents,  such  as  bad 
electrodes,  imperfect  isolation  of  the  nerve,  etc.  The  results  obtained 
with  the  two  normal  dogs  (A  and  B)  are  so  nearly  identical  that  it 
has  been  considered  sufficient  to  insert  a  single  record  (Dog  A). 
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EXPLANATION  OF  TABLE  I. 

The  figures  in  the  column  on  the  extreme  left  give  the  order  of 
sequence  of  the  stimuli.  The  second  column  states  the  part  of  the  nerve 
stimulated.  The  third  column  gives  the  greatest  amplitude  of  the 
respiratory  curve  in  millimetres:  (1)  during  the  period  of  10  seconds 
preceding  stimulation,  (2)  during  the  period  of  stimulation,  (3)  during 
the  period  of  10  seconds  immediately  following  the  stimulation,  and 
(4)  during  the  succeeding  period  of  10  seconds.  The  fourth  column 
gives  the  rate  of  respiration  per  30  seconds  during  the  same  periods  of 
time. 

As  it  is  often  impossible  to  appreciate  the  relative  values  of  small 
variations  in  the  blood  pressure,  the  approximate  average  size  of  the  pulse 
waves  for  the  period  of  10  seconds  preceding  stimulation  is  given  in 
column  five.  In  columns  six  and  seven  the  blood  pressure  in  milli- 
metres of  mercury  and  the  pulse-rate  per  30  seconds  have  been  recorded 
in  the  same  manner  and  for  the  same  periods  as  with  the  respiration. 
Columns  eight,  nine  and  ten  state  some  of  the  characteristics  of  the 
stimuli.  Sometimes  it  was  impossible  to  determine  the  duration  of  a 
mechanical  stimulus,  and.  in  such  cases,  four  periods,  each  of  ten 
seconds  duration,  were  taken  in  such  a  manner  that  stimulation  begins 
with  the  first  second  of  the  second  period.  Such  a  procedure  is  denoted 
by  an  asterisk  (*)  in  column  ten.  In  column  eleven  the  results  of  the 
stimulations  are  summed  up:  "positive**  indicating  that  the  stimulation 
produced  reflex  changes  similar  to  those  obtained  with  a  normal  dog; 
"  negative  "  meaning  that  there  were  no  appreciable  reflexes. 

From  inspection  of  the  table  it  appears  that  a  more  or  less  com- 
plete return  of  function  occurred  in  every  case,  although  in  dogs  IV 
and  VI  the  reflex  effects  were  A'ery  slight.  Such  an  apparent  return 
of  function  might  be  accounted  for  in  several  ways: 

(1)  Imperfect  destruction  of  continuity  in  the  first  operation. — 
The  possibility  of  this  source  of  en'or  is  removed  by  the  following 
experiments.  After  obtaining  the  usual  effects  of  stimulation  of  the 
second  cervical  nerve  of  a  nonnal  dog  (Dog  B),  the  roots  were  ligated 
in  the  usual  manner.  Subsequent  stimulation  produced  no  effect 
whatever.  Again  in  the  case  of  Dog  III,  after  giving  the  routine 
stimulations,  the  roots  were  ligated  in  the  usual  manner.  Subsequent 
stimulations  were  without  effect,  and  microscopical  examination  of 
the  nerve  showed  a  complete  break  in  the  continuity  of  the  fibres  at 
the  point  of  ligation. 
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(2)  Anastomosis  with  neighhoi'ing  nerves. — Tlie  al)Ove  mentioned 
experiments  on  Dogs  B  and  III  also  show  tliat  although  the  finer 
ramifications  of  the  second  cen-ical  anastomose  with  the  third  cervical 
and  with  the  accessorins,  still,  it  is  not  possible  for  impnlses  to  pass 
from  the  second  cervical  nerA'e  to  the  cord  throngh  either  of  these 
connections. 

(3)  Badiation  to  the  coi'd  through  the  surrounding  tissues. — This 
also  appears  highly  improbable,  for  in  every  case  the  nerve  was  dis- 
sected out  and  retracted  from  the  surrounding  tissues  before  the  elec- 
trodes were  applied;  and  in  the  case  of  the  ganglion,  where  such  re- 
traction was  impossible,  many  of  the  stimulations  especially  with 
strong  cuiTents  were  accompanied  by  control  stimulations  of  the  sur- 
rounding tissues,  and  always  with  negative  results. 

(4)  Transmission  of  the  impulses  through  the  dorsal  root  of  the 
nerve  stimulated. — Tliis  is  considered  the  only  possible  explanation 
for  the  results  obtained.  Such  a  return  of  function  in  the  doi-sal  roots 
can  occur  only  in  two  ways.  The  root  may  be  regenerated  by  fibres 
ha^dng  their  trophic  centres  within  the  cord;  or  secondly,  by  fibres  hav- 
ing their  trophic  centres  outside  the  cord.  It  is  the  usually  accepted 
view  that  no  sensory  fibres  are  derived  from  cells  within  the  cord, 
nevetheless  it  seems  advisable  to  call  attention  to  the  work  which  goes 
to  prove  that  the  doreal  root  of  the  nerve  in  question  does  not  contain 
such  fibres.  This  will  be  especially  useful  for  reference  in  the  section 
on  histology. 

In  the  chick  of  four  to  eleven  daj's'  incubation,  it  has  been  abundantly 
proved  by  von  Lenhossek  (12),  Cajal  (13),  van  Gehuchten  (14)  and 
Eetzius,  that  fibres  arising  from  a  group  of  cells  situated  in  the  ventral 
horn,  after  running  dorsally  and  entering  the  dorsal  root,  pass  directly 
through  the  root  ganglion  ■unthout  communicating  in  any  way  with  the 
ganglion  cells.  KoUiker  (15)  is  of  the  opinion  that  they  are  vaso-  and 
viscero-motor  fibres  on  their  way  to  the  sympathetic  system.  Up  to 
the  present  time,  however,  no  observer  has  been  able  to  demonstrate 
microscopically  the  occurrence  of  such  fibres  in  the  mammalia. 

According  to  the  original  observations  of  "Waller  (16)  the  trophic 
centres  of  all  the  fibres  of  the  dorsal  root  are  the  spinal  ganglion  cells. 
Vejas  (17)  and  Joseph  (18)  stated  that  they  found  undegenerated  fibres 
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in  the  proximal  part  of  sectioned  dorsal  roots,  bnt  no  one  has  been  able 
to  confirm  their  observations.  On  the  contrary,  Waller's  experiments 
have  been  repeated  and  his  results  confirmed  by  Bernard  (19),  Kahler 
(20),  and  more  recently  by  Singer  and  Miinzer  (21).  Sherrington  (22) 
observed  such  "  undegenerated  fibres  "  in  the  cat,  bnt  he  gives  excellent 
reasons  for  believing  that  they  are  "  embryonic  fibres "  (23)  and  not 
undegenerated  fibres. 

It  might  be  claimed  that  splanchnic  efferent  fibres  occur  in  the  dorsal 
root  (24,  25)  of  the  second  cervical  nerve,  as  is  probably  the  case  with 
some  of  the  lumbar  and  sacral  nerves.  It  has  been  demonstrated,  how- 
ever, by  Gaskell  (26)  and  Langley  (27)  that  the  splanchnic  efferent 
fibres  traverse  the  white  and  not  the  gray  rami  communicantes.  They 
have  also  shown  that  the  second  cervical  nerve  in  the  dog  is  connected 
with  the  sympathetic  system  (sup.  cerv.  gang.),  not  by  a  mixed  ramus 
communicans,  but  by  a  gray  ramus  alone  (28),  the  rami  viscerales  of  the 
upper  cervical  nerves  (as  well  as  of  the  vagus)  being  represented  by  the 
internal  branch  of  the  accessorius. 

"With  regard  to  the  occurrence  in  the  second  cervical  nerve  of  trophic 
fibres  to  the  skin,  it  may  be  stated  that  although  ligation  was  performed 
on  both  roots  of  the  nerve  in  seven  dogs,  no  trophic  disturbances  resulted 
in  the  area  supplied  by  the  nerve  such  as  Joseph  (29)  has  described  in 
the  cat. 

Such  fibres,  moreover,  whether  splanchnic-efferent  or  trophic,  would 
not  give  reflex  effects  on  stimulation,  inasmuch  as  they  would  be  efferent 
fibres,  and  the  fact  that  they  probably  do  not  exist  is  therefore  of  im- 
portance only  in  relation  to  the  subsequent  histological  study  of  the  cord 
and  nerve. 

Hence  it  is  a  justifiable  conclusion  that  this  dorsal  root  contains 
only  such  fibres  as  have  their  trophic  centres  situated  outside  the  cord, 
and  consequently  the  presence  of  root  fibres  on  the  central  side  of  the 
point  at  which  the  continuity  of  the  fibres  has  been  destroyed  is  proof 
of  a  regeneration  from  the  ganglion  to  the  cord,  and  any  return  of 
function  is  a  proof  of  regeneration  of  those  fibres,  both  in  the  root  and 
within  the  cord  itself. 

As  has  been  said,  a  more  or  less  complete  regeneration  occurred  in 
every  case.  The  character  of  the  regained  functional  activity  varied 
considerably  in  the  different  cases.  In  some  the  respiratoiy  effects 
preponderated,  in  others  the  circulatory. 
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As  a  commentary  to  the  tables  and  as  a  means  of  calling  attention 
to  nnmerous  interesting  facts  shown  by  them,  the  following  summary 
of  results  is  given: 

Dog.  A  (normal).  The  amplitude  and  rate  of  respiration,  blood  pres- 
sure, and  pulse  rate  were  in  all  cases  markedly  increased  by  stimulation 
of  the  second  cervical  nerve. 

Dog  I.  The  increase  in  the  amplitude  of  the  respiratory  curve  was 
as  great  as  in  the  normal  dog  (Dog  A).  The  effect  on  the  rate  of  respira- 
tion was  variahle,  but  usually  an  acceleration  was  observed.  There  was  a 
rise  of  Mood  pressure  during  the  period  of  stimulation  and  the  pulse  rate 
was,  in  general,  accelerated,  especially  during  the  earlier  stimulations. 

Dog  II.  The  respiration  was  but  little  affected  by  stimulation  of  the 
peripheral  nerve,  but  stimulation  of  the  ganglion  and  roots  caused  about 
as  great  an  increase  in  the  amplitude  as  in  Dog  A,  while  the  acceleration 
of  rate,  although  marked,  was  proportionally  less  than  in  A.  Stimula- 
tion at  the  periphery  caused  very  little  change  in  the  Hood  pressure; 
nearer  the  ganglion  a  slight  rise,  while  at  the  ganglion  and  roots  the 
1  ise  was  pronounced.     The  pulse  rate  showed  little  or  no  variation. 

Dog  III.  A  rise  of  hlood  pressure  occuiTcd  with  mechanical  stimula- 
tion of  the  peripheral  nerve  and  with  strong  electrical  stimulation  at 
and  near  the  ganglion  (No.  8),  the  last  being  the  least  marked.  Other 
stimulations  caused  no  variation  in  blood  pressure.  The  effect  on  the 
pulse  rate  was  inconstant.  The  amplitude  and  rate  of  respiration  in- 
creased with  the  blood  pressure,  except  in  case  of  Xo.  8,  in  which  no 
variation  occurred. 

Dog  IV.  The  respiration  remained  throughout  unaffected.  The 
Hood  pressure  was  slightly  raised  by  the  first  three  stimulations,  after 
which  stim;Lilation  produced  no  effect.  The  pulse  rate  was  altered  in  the 
first  three  cases  only.  These  were  stimulations  of  the  peripheral  nerve, 
of  which  two  caused  a  slowing  and  one  an  acceleration  of  the  pulse  rate. 

Dog  V.  The  rate  of  respiration  was  increased  by  mechanical  stimu- 
lation of  the  peripheral  nerve  near  its  distal  end,  strong  electrical  stimu- 
lation of  the  same  at  the  base  of  the  skull-,  and  strong  electrical  stimu- 
lation at  the  ganglion.  In  the  two  last  cases  the  amplitude,  which  else- 
where remained  unaffected,  was  increased.  The  Hood  pressure  varied 
under  the  same  conditions  as  the  rate  of  respiration,  this  variation  con- 
sisting in  a  fall  or  less  frequently  a  rise.  The  pulse  rate  was  affected 
{accelerated)  only  in  the  cases  of  mechanical  and  strong  electrical  stimula- 
tion of  the  peripheral  nerve. 
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Dog,  VI.  The  respiration  remained  unchanged,  except  in  !N"o.  1-i. 
The  hlood  pressure  was  not  appreciably  influenced  by  stimulation  of  the 
peripheral  nerve  except  in  one  case  (No.  14),  but  stimulation  of  the 
ganglion  and  roots  caused  a  fall  followed  hy  a  rise  to  or  above  the 
normal.  There  was  a  slowing  of  the  pulse  in  two  cases  (Nos.  14  and  18), 
but  otherwise  no  change  occurred. 

Dog  VII.  Stimulation  of  the  more  peripheral  part  of  the  ner^^e  pro- 
duced no  effect.  Stimulation  of  the  nerve  near  the  ganglion,  of  the 
ganglion  itself  and  of  the  roots,  caused  a  marked  increase  in  the  ampli- 
tude and  rate  of  respiration.  The  rise  of  hlood  pressure  was  in  some  cases 
very  marked  and  usually  followed  by  a  fall.  The  counting  of  the  pulse 
rate  was  prevented  by  the  fact  that  the  great  oscillations  in  pressure 
caused  by  the  violent  respirations  obscured  the  pulse  record. 

The  condition  of  the  nerve  trunk  peripheral  to  the  ganglion  was  in 
several  instances  abnormal,  especially  in  the  more  peripheral  parts  of 
its  course.  (1)  It  was  in  some  cases  of  a  dull,  opaque,  grayish-white 
appearance  (Dogs  II,  JIT  and  VI),  and  in  one  case  (Dog  VI)  the 
ganglion  was  swollen,  elongated  and  bound  down  by  adhesions.  (2) 
It  often  responded,  not  to  electrical,  but  only  to  mechanical  stimuli 
(Dog  III,  Nos.  19,  20;  Dog  V,  IS^os.  3,  4).  (3)  It  often  responded 
only  to  the  first  few  stimulations,  soon  losing  its  irritability  (Dog  V, 
Xos.  3,  4,  9). 

All  these  facts  point  to  a  recent  regeneration  of  the  peripheral 
neiwe  (30).  The  primary  degeneration  in  the  ner^'e  trunk  peripheral 
to  the  ganglion,  which  this  implies,  was  considered  to  be  due  to  the 
contraction  of  the  scar  tissue  following  the  fii'st  operation,  for  this 
scar  tissue,  as  has  been  stated,  was  often  quite  abundant  in  the  region 
of  the  old  wound. 

When  the  stimulus  was  applied  to  the  nerve  peripherally  to  the 
ganglion,  it  was  often  impossible  to  distinguish  between  the  effects 
due  to  recent  regeneration  of  the  peripheral  neiwe  and  those  due  to 
recent  regeneration  of  the  root.  If,  however,  a  comparison  be  made 
of  these  results  "svith  those  obtained  bv  stimulating  the  ganglion  or 
roots,  there  will  be  no  chance  of  confusing  results  due  to  peripheral 
with  those  due  to  more  central  regeneration.  The  condition  of  the 
peripheral  nerve  and  of  the  root,  their  reaction  to  stimuli  and  certain 
other  data  of  ipterest  and  importance  are  stated  in  the  following  table 
(Table  II). 
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TARl.K   [I. 


Intervals  between 
first  and  second 
operation. 

a 

KESILTS  OF  STIMULATION. 

Approximate 
age. 

Scar  tissue  fo 
at  second 
operation. 

Appearance 
of  periph- 
eral nerve. 

Dog. 

P-( 

Nearer 
ganalion. 

a 

Roots. 

Days. 

I. 

Adult. 

00 

Much. 

Normal. 

+  e 

+  e 

II. 

About  (5  mo. 

92 

Much. 

Abnormal. 

—  e 

—  e 

-f-e 

+e 

III. 

About  G  mo. 

88 

Much. 

Abnormal. 

-f  m,  —  e 

—  e 

+  e 

IV. 

Adult. 

90 

Moderate. 

Normal. 

—  m,  —  e 

—  m,  -  -  6 

—  e 

— e 

V. 
VI. 

Youns:  adult. 
About  (5  mo. 

89 
151 

Moderate. 
Moderate. 

Normal. 
Abnormal. 

-|-  m,  —  e 
—  m.  — e 

—  m  (later) 

—  m,  —  e 

-1-e 

—e  (later) 

VII. 

About  6  mo. 

109 

Much. 

Normal. 

—  m,  — e 

+  e 

"P-e 

+e 

ezz  with  electrical  stimuli, 
m  =;  with  mechanical  stimuli. 
—  rr  negative  results. 

-|- IT.  positive   results.       For   example:     -|- e  ^  positive   results  with    electrical 
stimuli. 


From  the  results  of  the  experiments  described  above  we  feel  justified 
in  concluding,  that  after  severance  of  the  fibres  of  the  dorsal  root  of 
the  spinal  nerves  between  the  ganglion  and  the  cord,  regeneration  of 
the  fibres  into  the  cord  will  take  place  under  proper  conditions,  so  that 
normal  reflexes  through  the  respiratory,  cardiac  and  vasomotor  centres 
may  be  obtained. 

As  to  the  completeness  of  the  regeneration  and  the  average  time 
necessary  for  the  restoration  of  function,  it  is  not  possible  for  us  to 
speak  positively,  owing  to  the  small  number  of  our  exiDeriments.  The 
results  of  the  seA^en  experiments  indicate  that  there  may  be  great 
individual  differences  in  the  rapidity  of  regeneration.  In  some  cases 
the  return  of  functional  activity  in  the  dorsal  root  fibres  seemed  to 
be  nearly  complete  at  the  end  of  90  days,  while  in  one  case  the  return 
was  far  from  complete  after  an  interval  of  151  days. 

We  may  add  in  conclusion  that  if  the  posterior  root  fibres  can  thus 
be  regenerated  in  the  posterior  columns  of  the  cord,  there  seems 
reason  to  hope  that  the  fibres  in  other  tracts  may  possess  the  same 
property,  and  that  therefore  it  is  not  impossible  that  with  the  proper 
technique  a  severed  spinal  cord  might  be  made  to  regenerate  its  broken 
tracts  both  ascending  and  descending. 


44      Regeneration  of  Root  Fibres  of  the  Second  Cervical  Nerve 

KEFEKENCES. 

Some  of  the  following  articles  were  not  consulted  owing  to  the  difficulty 
in  obtaining  them.  Such  articles  are  indicated  by  an  asterisk  (*)  and  the 
source  of  the  information  regarding  their  contents  follows  the  reference  in 
parentheses. 

1.  *Heinrich  Miiller. — Ueber  Eegeneration  der  Wirbelsaule  u.  des 
Kiickenmarkes  bei  Tritonen  u.  Eidechsen.  Abhandl.  d.  Senckenhergi- 
schen  naturforschenden  Gesellschaft.,  v  (1864-65),  113-136.  (Eichhorst 
and  ISTaunyn  loc.  cit.,  and  Schiefferdecker  loc.  cit.;  also  Stroebe  and 
Hoffmann.) 

2.  Masiiis  and  Vanlair. — Anat.  u.  fnnctionelle  Wiederherstellung 
d.  Riickenmarks  beim  Frosch.  (Summary  by  J.  Rosenthal  in  Centralbl. 
f.  d.  med.  Wissensch.,  1869,  609-610.) 

3.  Voit. — Beobachtimgen  nach  Abtragung  d.  Hemispharen  d.  Gross- 
hirns  bei  Tauben.  Sitzh.  d.  Mnigl.  hayr.  ATcad.  d.  Wissensch.,  ii  (1868), 
105-108. 

4.  Brown-Seqnard. — Experiences  snr  les  plaies  de  la  moelle  epiniere. 
Gaz.  med.  de  Paris,  iv  (1849),  232.  Regeneratioi  des  tissues  de  la  moelle 
epiniere.     Ibid.,  v  (1850),  250.     Also  Ibid.,  vi  (1851),  477. 

5.  *  Paul  Dentan. — Quelques  recherches  sur  la  regeneration  fonc- 
tionelle  et  anatomique  de  la  moelle  epiniere.  Dissert,  inaug.,  Berne, 
1873.     (Eichhorst  and  Kaunyn,  loc.  cit.) 

6.  H.  Eichhorst  and  B.  Naunyn. — Ueber  die  Regeneration  u.  Veran- 
derungen  im  Ruckenmarke  nach  streckenweiser  totaler  Zerstorung  des- 
selben.     Arch,  f  exper.  Path.  u.  Pharmalvl.,  ii  (1874),  225. 

7.  Hermann  Eichhorst. — Ueber  Regeneration  u.  Degeneration  d. 
Eiickenmarkes.     Ztschr.  f.  Jclin.  Med.,  i  (1879-1880),  284-318. 

8.  P.  Schiefferdecker. — Ueber  Regeneration,  Degeneration  u.  Archi- 
tectur  des  Rlickenmarkes.     Virchow's  Archiv,  lx\di  (1876),  542. 

9.  A.  Freusberg. — Reflexbewegungen  beim  Hunde.  Arch.  f.  d.  ges. 
Physiol,  ix  (1874),  358-391. 

10.  Kahler. — Ueber  d.  Unlieilbarkeit  gewisser  Riickenmarkserkran- 
kungen.     Prager  med.  Wchnschr.,  1884,  301,  325  and  333. 

11.  W.  H.  Howell  and  G.  C.  Huber. — Journal  of  Physiology,  xiii 
(1892),  357. 

12.  M.  von  Lenhossek. — Ueber  Nervenfasern  in  den  hinteren  AYurzeln 
Avelche  aus  dem  Vorderhorn  entspringen.  Anat.  Anz.,  v  (1890),  360; 
also  Der  feinere  Ban  des  ISTervensystems  im  Lichte  neuester  Forschungen, 
II  Aufl.,  277. 

13.  S.  Ramon  y  Cajal. — A  quelle  epoque  apparaissent  les  expansions 


I 


W.  S.  Baer,  P.  M.  Dawson  and  H.  T.  Marshall  45 

des  cellules  nerveuses  de  la  moelle  epinirix'  du  poulet?     A)tat.  Anz.,  v 
(1890),  613  and  631. 

14.  A.  van  Gehuchten. — Les  elements  nerveux  moteurs  des  racines 
posterienres.     Anat.  Anz.,  viii  (1893),  215. 

15.  A.  von  Kolliker. — Handb.  d.  Gewebelehre,  1893,  ii. 

16.  M.  Aug.  Waller. — Recherches  experimentales  sur  la  structure  et 
les  fonctions  des  ganglions.  Compt.  rend.  Acad.  d.  sc,  Paris,  xxxiv,  524; 
also  Septieme  memoire  sur  le  systeme  nerveux,  ibid,  xxxv,  301. 

17.  *  Pericles  Vejas. — Ein  Beitrag  zur  Anat.  u.  Physiol,  d.  Spinal- 
gangiien.     Dissert.,  Miinchen,  1893.     (Joseph,  loc.  cit.) 

18.  Max  Joseph. — Zur  Ph^^siol.  d.  Spinalgangiien.  Arch.  f.  Physiol., 
1887,  298. 

19.  Claude  Bernard.  Lecons  sur  la  physiol.  et  la  path,  du  systeme 
nerveux,  1858,  i,  232. 

20.  Kahler.— Loc.  cit.,  p.  302. 

21.  *  Singer  and  Munzer. — Denkschr.  d.  k.  Akad.  d.  Wiss.,  Wien,  Ivii 
(1890),  570.     (Sherrington,  loc.  cit.,  p.  217.) 

22.  C.  S.  Sherrington. — ISTerves  of  the  skeletal  muscles.  Jour.  Phy- 
siol, London,  xvii  (1894-95),  216. 

23.  Howell  and  Huber. — Loc.  cit.,  p.  374. 

24.  Eugen  Steinach. — Motorische  Functionen  hinterer  Spinalnerven- 
wnrzeln.     Arch.  f.  d.  gesam.  Physiol,  Ix  (1895),  593. 

25.  J.  P.  Morat. — Les  fonctions  vaso-motrices  des  racines  posterienres. 
Arch.  d.  physiol  norm,  et  path.,  5.  s.,  iv  (1892),  689-698. 

26.  W.  H.  Gaskell. — On  the  structui-e,  distribution  and  function  of 
the  nerves  which  innervate  the  visceral  and  vascular  systems.  Jour. 
Physiol,  London,  vii  (1885),  11. 

27.  J.  N".  Langley. — On  the  origin  from  the  spinal  cord  of  the  cervical 
and  upper  thoracic  sympathetic  fibres  with  some  observations  on  white 
and  gray  rami  communicantes.  Phil  Trans,  of  the  Boyal  Soc.  of  London, 
clxxxiii  (1892),  85. 

28.  W.  H.  Gaskell.— Loc.  cit.     Plate  III,  Eig.  1.,  also  p.  11. 

29.  Max  Joseph. — Beitrage  zur  Lehre  von  den  trophischen  Nerven. 
Virchow's  Archiv,  cvii  (1887),  119-159;  see  also  J.  P.  Morat. — Troubles 
trophique  consecutifs  a  la  section  des  racines  posterienres  medullaires. 
Gaz.  des  hopitaux,  1897,  June  5. 

30.  Howell  and  Huber. — Loc.  cit.,  p.  363. 


ACTIOX  OF  FORMALDEHYDE  OX  ENZYMES  xiXD  OX 
CERTAIX  PliOTEIDS. 

By  C.  L.  bliss,  B.  S.,  ajcd  F.  G.  NOVY,  M.  D.,  Ann  Arbor,  Mich. 
{From  the  Hygienic  Laboratonj,  University  of  Michigan.) 

It  is  a  well  known  fact  that  formaldehyde,  even  in  veiy  small 
amount,  will  exert  a  peculiar  action  on  proteid  material,  hardening  it 
or  other^vise  altering  its  chemical  and  physical  properties.  Fibrin, 
when  allowed  to  stand  in  a  solution  of  formaldehyde  even  as  dilute 
as  1:500,  soon  becomes  hardened  and  resists,  as  will  be  presently 
shown,  the  action  of  proteolytic  enzymes,  and  although  it  may  finally 
be  digested  the  process  is  nevertheless  greatly  retarded.  Again,  egg 
albumen  or  blood  serum  to  which  a  small  amount  of  formaldehyde 
has  been  added  will  not  coagulate  w^hen  heated;  and  numerous  other 
instances  might  be  cited  sho^ring  the  changes  that  take  place  when 
formaldehyde  is  present. 

Formaldehyde  also  has  powerful  germicidal  properties,  and  even  in 
small  amount  Avill  inhibit  the  growth  of  micro-organisms.  In  stronger 
concentration  it  will  promptly  destroy  bacteria. 

The  exact  chemical  nature  of  the  soluble  ferments,  or  enzymes,  is 
far  from  being  understood.  Some  authorities  claim  they  are  proteid- 
like  substances.  "When  obtained  in  the  purest  condition  possible  they 
contain  nitrogen,  and  many  give  some  of  the  proteid  reactions.  Cer- 
tain of  the  purified  ferments,  however,  fail  to  give  the  common  proteid 
reactions.  When  such  reactions  are  given  by  a  ferment  presumably 
pure,  it  is  still  impossible  to  determine  whether  these  are  due  to 
contamination  with  proteid  material,  or  whether  they  are  due  to  the 
ferment  itself. 

The  experiments  to  be  described  were  canied  on  Avith  a  view  of 
determining  wiiether  formaldehyde  exerts  any  action  on  some  of  the 
more  common  soluble  ferments,  especially  those  concerned  in  the 
processes  of  digestion.     Accepting  the  common  view  that  enzymes  are 
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proteid  compounds,  it  might  be  expected  that  thej  would  undergo 
alteration  in  the  same  way  as  ordinary  proteid  substances.  Such 
change  in  the  composition  of  the  enzyme  would  be  shown  by  a  de- 
creased or  wholly  suppressed  ferment  action.  It  should  be  borne  in 
mind,  however,  that  a  decrease  in  ferment  action,  or  its  entire  absence, 
may  be  due  to  the  action  of  the  formaldehyde  on  the  substance  to  be 
digested.  Thus,  fibrin  which  has  been  kept  in  a  solution  of  formal- 
dehyde 1:100  for  a  day  is  scarcely  affected  by  a  solution  of  pepsin- 
hydrochloric  acid,  even  after  being  kept  at  a  temperature  of  about  38° 
for  several  hours.  On  the  other  hand,  formaldehyde  may  be  added 
to  the  digestive  fluid  in  the  proportion  of  1:100,  and  at  the  end  of 
several  weeks  this  solution  will  be  found  to  be  still  active;  in  fact,  it 
will  dissolve  fresh  fibrin  nearly  if  not  quite  as  rapidly  as  a  fresh  solu- 
tion of  pepsin-hydrochloric  acid. 

The  literature  contains  but  very  little  concerning  the  effect  of 
formaldehyde  on  digestive  ferments.  According  to  Loew,*  pepsin  and 
disastase  lose  their  activity  when  left  in  contact  with  formaldehyde 
for  one  day;  the  amounts  of  substances  used  were  1  gramme  of  fer- 
ment, 10  grammes  of  water,  and  5  cc.  of  15  per  cent  formaldehyde 
solution  (^5  per  cent  formaldehyde  in  the  mixture).  Other  fer- 
ments, emulsin,  papain,  tryspin,  used  in  the  form  of  crude  products, 
soon  give,  like  many  other  proteid  substances,  precipitates  ^rith 
formaldehyde  which  are  very  difficultly  soluble  in  acids  and  in  alkalis, 
Simons  f  found  that  formaldehyde  has  no  apparent  effect  on  peptic 
digestion,  but  has  a  very  depressing  action  on  the  pancreatic  ferment 
(trypsin),  even  one  part  in  2000  paints  of  the  solution  being  sufficient 
to  distinctly  retard  digestion.  We  have  been  able  to  confirm  this 
statement.  Maybery  and  Goldsmith  \  tried  the  action  of  several 
antiseptics  on  peptic  digestion.  Their  results  show  that  the  gi'eater 
the  amount  of  fonnaldehyde  used  the  gTeater  will  be  the  percentage 
of  fibrin  undigested  in  a  given  time.  In  Wurtz's  Dictionnaire  de 
Chimie,  Deuxieme  Supplement,  vol.  iii,  p.  313,  the  action  of  formal- 
dehyde on  proteid  material  and  on  ferments  is  considered  very  briefly. 

*  Jonrn.  f.  prakt.  Chem.,  1888,  xxxvii,  101. 
t  J.  Am.  Chem.  Soc,  1897,  xix,  744. 
t ./.  Am.  Chem.  Soc,  1897,  xix,  889. 
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The  statement  is  made  that  tlie  sohilde  ferments  (diastase,  pepsin,  ])an- 
creatin,  etc.)  are  modified  completely  by  fonnaldehyde,  when  this  is 
used  in  solution  of  sufficient  concentration.  This  statement,  as  vriW 
be  presently  shown,  does  not  hold  trne  for  pepsin,  malt  diastase  and 
rennin. 

In  view  of  the  rather  incomplete  knowledge  in  regard  to  the  action 
of  fonnaldehyde  on  digestive  ferments,  it  was  deemed  advisable  to 
make  a  systematic  stndy  of  the  subject.  The  ferments  pepsin,  rennin, 
pancreatin  and  papain  were  used;  these  were  ordinary  commercial 
preparations,  and  were  found  by  control  experiments  to  be  more  or 
less  active.  The  pancreatin,  however,  possessed  very  little  diastatic 
power,  and  consequently  an  aqueous  extract  of  fresh  pancreatic  gland 
was  used  for  the  purpose  of  obsei'ving  the  effects  on  the  diastatic  as 
well  as  on  the  tryptic  fennents.  The  commercial  preparations  of 
ptyalin  and  malt  diastase  were  found  to  possess  but  very  little  activity, 
and  hence  saliva  and  malt  were  employed  instead.  Inasmuch  as  the 
preparations  referred  to  are  far  from  being  pure  ferments  and.  contain 
more  or  less  foreign  material,  it  is  obvious  that  the  ratio  between  the 
amounts  of  formaldehyde  and  ferment  cannot  be  expressed.  All  that 
can  be  given  are  the  amounts  of  materials  used,  the  dilution,  the 
amount  of  formaldehyde,  the  conditions,  and  the  results  obtained. 
In  all  the  tests  the  conditions  most  suitable  to  the  normal  action  of 
the  ferments,  i.  e.  temperature,  reaction,  etc.,  were  adhered  to  as 
closely  as  possible.  When  ferments  haAdng  similar  properties  were 
compared,  the  tests  were  made  under  conditions  as  nearly  alike  as 
possible.  Several  series  of  tests  were  made  with  each  ferment;  the 
conditions  were  varied  somewhat  vnth  each  series,  as  will  be  seen  from 
the  detailed  experiments.  "WTien  doubtful  results  were  obtained,  the 
tests  were  repeated.  In  general,  the  work  was  carried  on  in  the  fol- 
lo^\'ing  manner:  A  certain  amount  of  the  commercial  ferment,  or  of 
the  solution  of  the  ferment,  was  dissolved  in  distilled  water,  and  this 
solution  was  di^'ided  into  portions;  to  each  a  definite  amount  of 
"  formalin  "  was  added,  so  that  the  liquid  contained  known  amounts 
of  formaldehyde,  varying  usually  from  1 :  100  to  1 :  000.  These  mix- 
tures of  formaldehyde  and  ferment  were  allowed  to  stand  in  corked 
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flasks  at  ordinarv  room  temperature,  rrom  time  to  time  portions 
were  tested  in  order  to  determine  whetlier  the  activity  had  been 
affected,  and  if  so  to  what  extent.  The  fonnalin  used  was  approxi- 
mately a  40  per  cent  solution,  as  determined  by  analysis;  it  contained 
only  a  trace  of  free  acid,  too  small  to  be  •  estimated.  Fresh,  well 
washed  fibrin  from  the  blood  of  steers  was  used  in  testing  the  proteo- 
lytic ferments,  and  freshly  prepared  one  or  two  per  cent  starch  paste, 
made  of  potato  starch,  for  the  diastatic  experiments.  The  experi- 
ments were  carried  on  at  a  temperature  of  3T°-40°,  except  in  the  case 
of  malt  diastase,  where  the  temperature  of  5T°-60°  was  employed. 

ACTIO]!^    OF    FORMALDEHYDE    ON    FIBRIN. 

Benedicenti  *  gives  a  re-sdew  of  the  work  that  has  been  done  on 
the  action  of  formaldehyde  on  various  proteid  substances,  and  also  the 
results  of  several  series  of  experiments  carried  on  by  hijiiself.  He 
confirms  the  statements  that  had  been  made,  that  formalhehyde 
hardens  proteids  and  renders  them  incapable  of  swelling  in  dilute 
hydrochloric  acid,  and  of  being  digested  by  pepsin-hydrochloric  acid 
or  by  pancreatin  juice. 

Several  series  of  tests  were  made  in  order  to  determine  how  much 
formaldehyde  must  be  used  and  for  how  long  a  time  it  must  be  allowed 
to  act  in  order  that  fibrin  would  become  so  altered  that  it  would  be 
incapable  of  being  digested. 

Experiment  I. — A  few  small  shreds  of  fibrin  were  added  to  portions  of 
15  cc.  each  of  an  active  solution  of  pepsin.  Formaldehyde  was  then  added 
in  the  proportions  of  1:100,  1:250,  1:1000,  and  1:2500.  The  tubes  were 
corked  and  set  aside  for  24  hours  at  ordinary  temperature.  An  equal 
volume  of  0.5  per  cent  hydrochloric  acid  was  then  added  to  each  tube 
and  the  tubes  were  placed  in  a  water-bath  maintained  at  a  temperature 
of  38° -40°,  and  examined  at  .intervals  during  the  next  24  hours.  Table 
I  shows  the  changes  that  took  place.     Tube  C  served  as  a  control. 

In  this  experiment  the  fibrin  and  pepsin  were  both  subjected  to  the 
action  of  the  formaldehyde.     The  fibrin  alone  was  affected. 

Experiment  II. — Fibrin  was  allowed  to  stand  in  solutions  of  formal- 
dehyde 1:500  and  1:1000  at  ordinary  temperature.     At  the  end  of  three 

*  Archw  f.  Anat.  u.  Physiol.  (Physiol.  Abtheilung),  1S97,  p.  219. 
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days  small  pieces  were  removed  and  squeezed  thoroughly,  then  subjected 
to  the  action  of  a  stronger  solution  of  pepsin-hydrochloric  acid  than 
that  used  in  the  preceding  experiment.  At  the  end  of  three-quarters 
of  an  hour  the  fibrin  that  had  been  cxpoccfl  to  the  weaker  solution  of 
formaldehyde  was  dissolved  almost  completely,  and  disappeared  entirely 
a  few  minutes  later.  That  which  had  been  exposed  to  the  stronger 
solution  of  formaldehyde  dissolved  more  slowly.  At  the  end  of  an  hour 
it  was  swollen,  and  the  liquid  was  slightly  cloudy;  after  another  hour  it 
had  entirely  dissolved. 

TABLE  I. 

MiXTUKEs  OF  Pepsin,  Fibkin  and  Fokmaldehtde — 24  Houus  at  Okdinaky 
Temperature,  then  Digested  at  38°-40°. 

Examined  at  the  end  of 


Tube 

Form- 
aldehyde. 

-> 

^ 

No. 

1  hour. 

%)4.  hours. 

4  hours. 

24  hours. 

1. 

1:100 

No  change. 

No  change. 

Fibrin   slightly 
swollen  ;  liq- 
uid clear. 

Fibrin  nearly 
dissolved. 

2. 

1:250 

Fibrin   slightly 

Fibrin    dissolv- 

Fibrin   dissolv- 

Fibrin nearly 

swollen  ;  liq- 

ing    slowly  ; 

ing  slowly. 

dissolved. 

uid  clear. 

liquid  cloudy. 

3. 

1:1000 

Fibrin  sAvollen; 
liquid  cloudy. 

Fibrin  nearly 
dissolved. 

Fibrin  dissolved. 

4. 

1:2500 

Fibrin    dissolv- 
ing ;      liquid 
cloudy. 

Fibrin  almost 
dissolved. 

Fibrin  dissolved. 

C. 

Fibrin  dissolved. 

Similar  results  were  obtained  with  an  aqueous  extract  of  pancreatic 
gland.  The  solution  used  was  the  one  described  in  Experiment  XVIII, 
Fibrin,  which  had  been  exposed  to  the  action  of  formaldehyde  1:1000 
for  24  hours  at  room  temperature,  was  digested  nearly  as  rapidly  as 
fibrin  which  had  not  been  exposed  to  formaldehyde;  that  which  had 
stood  in  formaldehyde  1:500  for  the  same  length  of  time  was  digested 
more  slowly,  though  it  did  not  dissolve  completely. 

Fibrin,  which  had  stood  in  formaldehyde  1:1000  for  21  hours  at 
ordinary  temperature,  or  for  only  a  few  hours  at  40°,  was  digested 
completely  by  the  commercial  pancreatin,  though  much  more  slowly 
than  fresh  fibrin.  AVhen.  hoAvever,  the  action  of  formaldehyde  had  been 
continued  for  a  few  hours  longer  at  40°,  the  pancreatin  had  no  effect. 

The  results  with  papain  will  be  described  later.  It  might  be  said 
here,  however,  that  a  strong  solution  of  the  ferment  had  no  effect  on 
fibrin  that  had  been  exposed  to  formaldehyde  1:1000  for  a  few  hours  at 
room  temperature,  or  even  for  half  an  hour  at  40°, 
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These  results  sliow  that  formaldehyde,  even  in  very  small  amount, 
will  alter  fibrin  in  the  course  of  a  few  hours  so  that  it  will  offer  con- 
siderable resistance  to  the  action  of  proteolytic  ferments.  The  action 
of  the  formaldehyde  is  more  marked  at  a  temperature  of  40°  than  at 
ordinary  room  temperature.  Although  the  fibrin  may  be  digested 
the  process  is  retarded.     Peptic  digestion  was  affected  the  least. 

ACTION    OF    FORjSIALDEHYDE    ON    MILK. 

Potte\'in*  observed  that  formaldehyde  retards  the  coagulation  of 
milk  by  rennet,  and  that  rennet  and  sucrase  on  contact  with  strong 
solutions  of  formaldehyde  become  inactive.  He  also  found  that  inver- 
sion of  sugar  by  sucrase  or  even  by  acids  was  retarded  or  suppressed 
by  fonnaldehyde.  Weigle  and  :Merkel  f  foimd  that  the  precipitate 
of  casein  in  milk  containing  formaldehyde  is  coarsely  flocculent  and 
voluminous,  and  that  the  digestion  of  milk  and  egg  albumen  is  pre- 
vented by  fomialdehyde.  The  action  of  formaldehyde  on  the  pro- 
teids  of  milk,  as  well  as  on  other  proteid  substances,  has  been  studied 
by  numerous  other  investigators. 

Milk  is  not  coagulated  by  formaldehyde.  If  formaldehyde  is 
added  to  milk  in  the  proportion  of  1:500,  the  latter  will  be  altered 
within  a  few  hours  so  that  it  will  not  be  coagulated  by  an  active  solu- 
tion of  rennin.  If  less  formaldehyde  is  added  coagnilation  wHl  take 
place,  but  slowly. 

The  rennet  used  was  Liquid  Eennet,  made  by  John  Wyeth  and 
Bro.  When  diluted  with  four  pai-ts  of  water  (1-4),  1  cc.  of  this 
dilute  rennet  added  to  10  cc.  of  fresh  milk  and  kept  at  40°  would  give 
a  solid  coagulum  in  about  three-quarters  of  an  hour  to  an  hour. 
Wlien  diluted  with  an  equal  volume  of  water  (1-1),  1  cc.  would 
coagulate  10  cc.  of  milk  in  about  ten  minutes,  or  if  the  milk  were 
previously  warmed  to  40°,  in  two  or  three  minutes. 

Experiment  JIJ.— Formalin  was  added  to  portions  of  240  cc.  of  fresh 
milk  in  flasks  in  the  following  proportions: 

Flask  1  received  24      cc.  formalin  (40  per  cent)  =    formaldehyde 1:25 

((       o        II  6  "  "  1:100 

.       I       u  6  '•  "  1=1000 

u      c       "  no  formalin  and   served  as   a   control.     Fresh  milk   was    always 

used  in  the  control  tests. 

*  Ann.  Inst.  Pasteur,  1894,  viii,  796. 

t  Forschungsberichte  iiber  Lebensmittel.     Miinchen,  1895,  pp.  91-94. 
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The  flasks  containing  the  milk  and  fonnaldehyde  were  corked  and  set 
aside  in  a  cool  place.  At  stated  intervals  portions  of  10  cc.  were  taken 
out  of  each  flask,  1  cc.  of  the  dilute  rennet  (1-4)  added,  and  the  tubes 
then  placed  in  the  water-bath  and  kept  at  38° -40°.  If  no  coagulation 
took  place  within  24  hours  they  were  reported  negative.  Three  sets  of 
tests  were  made,  extending  over  a  period  of  four  days.  Table  II  con- 
tains the  results. 

TABLE  II. 

Mixtures  of  Milk  and  Formaldehyde  tested  at  the  end  of 

Tube  , — — A ^ 

No.       Formaldehyde.         4)4  hours.  36  hours.  4  days. 

1..  1:25  No  coasjulatiou.    Nocoasulation.    No  coag;ulation. 

2..  1:100  '• 

.S..  1:500 

4.  .  1:1000  Prompt  coagu-     Prompt  coagu-     Milk    thickened    in    about 

lation.  lation.  two   hours   and    became 

solid  later. 
C.  .  ....  "  "  Prompt  coagulation. 

Experiment  IV. — Another  series  was  made,  using  as  before  portions 
of  240  cc.  of  milk  to  which  formalin  had  been  added  in  the  following 
proportions: 

Flask  1  received  1.2  cc.  formalin  (40  per  cent)  =    formaldehyde 1:.500' 

•'      2       "  0.8  '.  '•       '       1-7.50 

"       3        "  0.6  •'  •'  1:1000 

"       4        "  0.4  '■  "  1:1500 

"      C      "  no  formalin  and  served  as  a  control. 

The  tests  were  made  in  the  same  way  as  those  just  described,  using, 
however,  a  stronger  ferment  solution  (1-1),  which  moreover  contained 
formaldehyde  in  the  proportion  of  1:500.  The  same  mixture  was  used 
for  all  three  series  of  tests.  As  will  be  explained  later,  the  ferment  is 
not  affected  by  very  small  amounts  of  formaldehyde,  and  although  the 
formaldehyde  will  rapidly  alter  the  casein  of  the  milk,  coagulation  will 
result  too  rapidly  for  this  effect  to  be  of  any  influence.  In  the  series  of 
tests  made  on  the  4th  day  the  milk  was  warmed  to  40°  before  use.  The 
results  were  as  follows  (Table  III): 

TABLE   III. 

^lixtures  of  Milk  and  Formaldehyde  tested  at  the  end  of 

Formal-        , ■ ^ 

Tube,    dehyde.                    1  hour.                             34  hours.  4  days. 

1..         1:500          Thick  in   !}■{  hours.  No  coagulation.  No  coagulation. 

solid  soon  after. 

2.  .         1:750          Thick    in    15     min..  Thick    in  20  min..  No  coagulation  even 

solid  in  30  min.                 solid  in  40  min.  after  24  hours. 

3..        1:100          Coagulation  in  about  Thick  in  20  min.,  Thick  in  1^   hours, 

15  min.                                solid  in  40  min.  solid  soon  after. 

4..         1:100          Coagulation     in     15  Coagulation  in  20  Thick    in    15     min., 

min.                                      min.  solid  in  20  min. 

C.          ....           Coagulation  in  about  Coagulation  in   10  Coairulation    In    3-4 

15  min.                                min.  min. 
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These  results  show  that  milk  to  which  formaldehyde  has  been  added 
in  considerable  quantity  undergoes  alteration.  The  casein  is  ren- 
dered incapable  of  being  coagulated  by  rennet  ferment.  If  formalin 
is  added  in  smaller  amount  (1:1000  formaldehyde),  the  casein  is  acted 
upon  more  slowly  and  will  be  coagulated  slowly  or  not  at  all.  The 
action  of  formaldehyde  on  rennet  fennent  vnll  be  considered  later. 

Several  tests  were  made  to  determine  whether  the  coagula  produced 
by  rennet  in  milk  to  which  formaldehyde  had  been  added  would  be 
digested  by  pepsin-hydrochloric  acid.  It  was  found  that  the  casein 
behaved  just  as  the  fibrin  had,  that  is,  if  very  little  formaldehyde  had 
been  used  the  process  was  simply  retarded,  while  if  formaldehyde  had 
been  added  in  larger  amount  digestion  would  fail  to  take  place. 

It  is  evident  from  the  preceding  experiments  that  a  1  jier  cent 
solution  of  formaldehyde  acting  on  fibrin  for  24  hour^  will  render  this 
practically  insoluble  in  pepsin-hydrochloric  acid.  Furthermore,  the 
addition  of  formalin  to  milk  altei*s  the  casein  to  such  an  extent  that  this 
will  not  be  precipitated,  or  but  slowly  on  subsequent  addition  of 
rennet  ferment. 

*  ACTIOI^    OF    FORMALDEHYDE    OK"    PEPSIN. 

The  pepsin  employed  (Kahlbaum's)  was  a  white  powder,  very  easily 
and  completely  soluble  in  water.  One  gramme  in  lOUO  cc.  of  0.25 
per  cent  hydrochloric  acid  formed  a  very  active  digestive  fluid,  as  will 
be  seen  from  the  rapidity  with  which  fibrin  was  dissolved.  One  series 
of  experiments  Avas  made  in  which  formaldehyde  was  added  to  por- 
tions of  a  solution  of  pepsin-hydrochloric  acid.  In  another  series  the 
formaldehyde  was  added  in  the  same  amounts  to  like  solutions  of 
pepsin  in  distilled  water.  In  the  latter  series  an  equal  volume  of  0.5 
per  cent  hydrochloric  acid  was  added  just  before  making  the  tests. 

Formaldehyde  and  Pepsin. 

Experiment  V. — One  gramme  of  pepsin  was  dissolved  in  1000  cc.  of 
water.  75  cc.  of  this  solution  were  placed  in  flasks  and  additions  made 
as  follows: 

Flask  1  received  3.75  cc.  formaliu  (20  per  cent)  =    formaldehyde 1:100 

u      2       •'  1.50  "  "  1:250 

''       3        "  0.75  "  "         .         1:500 

u       4        u  0.375  "  "  1:1000 

<i       5        u  0.15  "  "  1:2500 

"      C      "  uo  formalin  and  served  as  control. 
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After  standing  at  ordinary  teni])crature  for  24  hours,  15  cc.  of  each 
mixture  were  measured  into  a  test-tidjo  and  an  equal  volume  of  0.5  per 
cent  hydrochloric  acid  and  a  few  shreds  of  fibrin  were  added.  The 
tubes  were  then  placed  in  a  water-bath  which  was  kept  at  a  temperature 
of  38°-40°.  The  fibrin  in  all  of  the  tubes  began  swelling  immediately 
and  at  the  end  of  two  or  three  minutes  the  liquid  became  cloudy,  indi- 
cating that  digestion  was  taking  place.  At  the  end  of  half  an  hour  the 
fibrin  in  each  tube  was  almost  entirely  dissolved,  and  15  minutes  later 
it  disappeared  completely.  So  far  as  could  be  observed  there  was  no 
difference  in  the  appearance  of  any  of  the  tubes. 

The  original  mixtures  were  set  aside  at  ordinary  room  temperature  and 
at  the  end  of  two  weeks,  and  again  at  the  end  of  four  weeks,  these  were 
tested  as  outlined  above.  The  results  were  exactly  the  same  as  in  the 
first,  i.  e.  the  fibrin  swelled  immediately  and  disappeared  completely  in 
from  one-half  to  three-quarters  of  an  hour.  The  mixtures  of  pepsin- 
formaldehyde  all  remained  clear  and  contained  no  deposits,  with  the 
exception  of  the  control  solution  C.  This  soon  began  to  give  indica- 
tions of  decomposition;  within  three  days  the  solution  was  cloudy  and 
had  a  strong  putrid  odor;  yet  it  was  active,  since  after  standing  for  a 
month  it  was  able  to  digest  fibrin  as  rapidly  as  when  perfectly  fresh. 

In  some  other  work  carried  on  with  solutions  of  pepsin  in  ordinary 
tap-water  it  was  found  that  the  ferment  lost  its  activity  within  2-i  hours 
and  was  no  longer  able  to  digest  fibrin.  On  referring  to  the  literature, 
however,  it  was  found  that  certain  inorganic  salts,  which  are  commonly 
found  in  tap-water,  exert  more  or  less  effect  on  pepsin,  some  destroying 
it  completely.  The  destruction  of  the  ferment  action  in  these  cases 
is  thus  explained. 

Formaldehyde  and  Pepsin-Hydrochloric  Acid. 

Experiment  VI. — One  gramme  of  pepsin  was  dissolved  in  1000  cc.  of 
0.25  per  cent  hydrochloric  acid.  75  cc.  of  this  solution  were  placed  in 
each  of  six  flasks  and  additions  of  formaldehyde  were  made  to  these  as 
in  Experiment  Y.  These  mixtures  of  formaldehyde  and  ferment  were 
made  at  the  same  time  as  those  in  the  preceding  experiment  and  the 
tests  were  made  together. 

15  cc.  of  each  solution  were  measured  into  a  test  tube  and  fibrin  added. 
The  tubes  were  then  placed  in  a  water-bath  and  kept  at  a  temperature 
of  38°-40°.  Tests  were  made  at  the  end  of  24  hours,  two  weeks  and 
four  weeks.  The  results  obtained  were  exactly  the  same  as  in  the  pre- 
ceding experiment.  In  fact,  if  the  tubes  had  not  been  labeled,  it  would 
have  been  impossible  to  distinguish  one  from  another. 


o()  Action  of  Formaldehyde  on  Enzymes 

These  resiilts  led  lis  to  doubt  the  statement  of  Loew  that  fonnal- 
dehjde  destroys  the  activity  of  pepsin.  Consequently  several  sets  of 
tests  vrere  made,  in  which  the  same  amounts  of  ferment  and  of  form- 
aldehyde were  used  as  were  employed  by  him. 

Experiment  VII. — One  gramme  of  ferment  was  dissolved  in  10  cc. 
of  water  and  5  cc.  of  a  15  per  cent  solution  of  formaldehyde  were  added. 
In  the  first  set  the  Kahlbaum  pepsin  was  used,  and  in  the  second,  a 
sample  made  by  Parke,  Davis  &  Co.,  labeled  "  Pepsin,  Aseptic  (Pepsin 
TJ.  S.  P.  1890)  1:3000."  This  was  in  the  form  of  yellow  scales,  and  was 
easily  and  completely  soluble  in  water,  and  very  active.  The  mixtures 
of  ferment  and  formaldehyde  were  then  allowed  to  stand  in  corked  flasks 
for  21:  hours.  Inasmuch  as  formaldehyde  in  strong  concentration  rapidly 
hardens  fibrin  and  renders  it  incapable  of  being  digested,  especially  when 
allowed  to  act  at  an  elevated  temperature,  the  mixtures  of  ferment  and 
formaldehyde  were  strongly  diluted  with  0.25  j^er  cent  hydrochloric  acid 
just  before  making  the  test,  and  small  shreds  of  fibrin  were  used.  The 
dilutions  made  in  each  case  were  1:15,  1:30,  1:60.  Fibrin  was  added 
to  portions  of  each,  and  the  tubes  then  placed  in  a  water-bath  and  kept 
at  10°.  The  fibrin  in  each  tube  was  nearly  dissolved  in  about  a  quarter 
of  an  hour  and  disappeared  completely  a  few  minutes  later.  At  the 
end  of  five  days,  and  again  after  three  weeks,  new  portions  of  the  ferment- 
formaldehyde  solutions  were  diluted  and  tested  as  above.  The  results 
were  exactly  the  same  as  those  just  given. 

From  this  it  would  seem  that  Loew  did  not  dilute  his  formaldehyde- 
ferment  solution,  and  if  so,  his  failure  to  obtain  digestion  would  seem 
to  be  due,  not  to  the  action  of  formaldehyde  on  pepsin,  but  rather  to 
the  action  of  formaldehyde  on  the.  fibrin,  altering  it  before  the  pepsin 
could  act.     This  view  is  confirmed  by  the  folloAving  experiments". 

Experiment  Till. — Mixtures  were  made  using  the  same  amounts  of 
both  samples  of  pepsin,  water,  and  formaldehyde.  These  were  allowed  to 
stand  for  24  hours  and  were  then  tested  as  follows:  10  cc.  of  each  mix- 
ture were  diluted  with  an  equal  volume  of  0.5  per  cent  hydrochloric  acid, 
a  fcAv  shreds  of  fresh  fibrin  were  added,  and  the  tubes  were  then  kept  at 
40°.  At  the  same  time  control  tests  were  made,  with  small  portions  of 
the  same  mixtures  diluted  strongly  with  0.25  per  cent  hydrochloric  acid. 
At  the  end  of  half  an  hour,  the  fibrin  in  the  tubes  containing  the  very 
dilute  mixture  was  nearly  dissolved,  whereas  that  in  the  other  tubes 
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was  dissolving  slowly,  altliougli  the  amount  of  ferment  present  was  much 
larger.  The  formaldehyde  was  evidently  hardening  the  fibrin  so  rapidly 
that  the  pepsin  could  not  accomplish  its  work  completely.  At  the  end 
of  3  hours  there  remained  some  shreds  of  librin  still  undissolved,  and 
these  gave  no  further  evidence  of  dissolving  during  the  following  6 
hours,  but  a]ipearcd  hardened. 

The  same  tests  w-ere  repeated  at  the  end  of  three  days,  the  mixtures 
being  kept  in  the  incubator  for  2-i  hours  in  the  meantime.  The  results 
obtained  were  exactly  the  same  as  in  the  preceding. 

These  results  fully  confimi  the  statement  made  by  Siinons,  that 
formaldehyde  has  no  apparent  effect  on  peptic  digestion.  These 
results,  taken  in  conjunction  with  those  obtained  in  studying  the  action 
of  formaldehyde  on  fibrin  also  confirm  the  statement  made  by  May- 
bery  and  Goldsmith,  that  with  an  increase  in  the  amount  of  formal- 
dehyde there  will  be  a  decrease  in  the  amount  of  fibrin  digested  in  a 
given  time.  This,  however,  is  due  solely  to  the  action  of  formal- 
dehyde on  fibrin  and  not  to  any  alteration  of  the  pepsin.  In  the 
experiments  outlined  above  small  portions  of  fibrin  were  used;  if, 
however,  larger  amounts  were  employed  some  of  the  fibrin  would  be 
hardened  by  the  fonnaldehyde  before  digestion  could  take  place,  and 
hence  the  process  would  be  retarded.  At  the  end  of  a  given  time 
there  would  still  be  undigested  fibrin  in  the  tubes  in  which  formalde- 
hyde was  present. 

Benedicenti  found  that  proteids,  albumin,  fibrin,  casein,  etc.,  which 
had  lost  their  power  of  being  digested  by  gastric  or  pancreatic  juices 
through  the  action  of  formaldehyde,  recovered  this  power  after  being 
heated  in  a  current  of  steam.  The  formaldehyde  was  removed  from 
its  combination  with  the  proteid.  Inasmuch  as  ammonia  rapidly 
unites  with  formaldehyde,  thus  neutralizing  its  action,  it  seemed 
probable  that  ammonia  Avould  act  in  a  manner  similar  to  that  of  a 
current  of  steam,  removing  the  foiinaldehyde  from  the  proteid  and 
thus  restoring  to  the  latter  its  property  of  being  dissolved  by  fer- 
ments. Several  experiments  were  made  in  order  to  determine  whether 
ammonia  would  have  this  action  on  fibrin  and  on  casein  previously 
treated  with  formaldehvde. 
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Experiment  IX. — Fresh  fibrin  was  allowed  to  stand  in  a  solution  of 
formaldehyde  1:100  in  a  closed  flask  at  ordinary  temperature.  At  the 
end  of  6,  24,  and  48  hours  portions  were  transferred  to  dilute  ammonia, 
about  3.5  per  cent  in  some  cases,  while  in  other  cases  very  dilute  ammonia 
was  used.  After  allowing  the  ammonia  to  act  for  some  time,  the  fibrin 
was  washed  and  subjected  to  the  action  of  pepsin-hydrochloric  acid. 
At  the  same  time  portions  of  fresh  fibrin  and  of  formaldehyde-fibrin 
which  had  not  been  subjected  to  the  action  of  ammonia  were  also  added 
to  pepsin-hydrochloric  acid.     Table  IV  shows  the  results. 


TABLE  IV 


Tube 
No. 


Time  of  action       Time  of  action 
of  formaldehyde.        of  ammonia. 


Results. 


2. 

6  hours. 

3. 

" 

3.5^  NH3 
15  min.  40° 

4. 

(1 

3.5^  NH3 
30  min.  40° 

5. 

6. 

24  hours. 

7. 

u 

3..H  NH3 
5  hours. 

8. 

(( 

Trace  NH3 
5  hours. 

9. 

10. 

11. 


13. 


48  hours. 
24  hours. 


3.5^?;  NH3 
24  hours. 


Trace  NH3 
24  hours. 


Fibrin  nearly  dissolved  in  }4  hour;  dis- 
solved completely  a  few  minutes  later. 

Fibrin  swollen  slightly  in  1  hour;  liquid 
clear  ;  nearly  dissolved  in  5  hours. 

Fibrin  swollen  slightly  in  1  hour;  liquid 
clear;  partially  dissolved  in  5  hours. 

Fibrin  swollen  slightly  in  1  hour;  liquid 
clear;   uear'y  dissolved  in  5  hours. 

Fibrin  nearly  dissolved  in  1  hour. 

No  change  at  the  end  of  1  hour;  fibrin 
hardened;  liquid  clear;  dissolved  in  12 
hours. 

No  change  at  the  end  of  1  hour ;  fibrin 
hardened;  liquid  clear;  dissolved  in  12 
hours. 

No  change  at  the  end  of  1  hour;  fibrin 
hardened  ;  liquid  clear  ;  dissolved  in  12 
hours. 

Fibrin  dissolved  in  about  1  hour. 

No  change  at  the  end  of  6  hours. 

Fibrin  ver^-  slightly  swollen  ;  liquid  clear 
at  the  end  of  3  hours ;  partially  dis- 
solved in  6  hours. 

Fibrin  very  slightly  swollen ;  liquid  clear 
at  the  end  of  3  hours ;  partially  dis- 
solved in  6  hours. 


A  test  made  with  papain  gave  xerj  similar  results.  Fibrin  was  allowed 
to  stand  for  about  3  hours  in  formaldehyde  1:100  at  40°.  It  was  then 
washed  and  placed  in  3.5  per  cent  ammonia.  After  allowing  the  latter 
to  act  for  4  hours,  the  fibrin  was  washed  and  added  to  a  strong  solution  of 
papain,  and  the  tube  kept  in  the  incubator  over  night.  On  the  follow- 
ing day  there  was  no  change  in  the  appearance  of  the  fibrin  and  the 
ferment  solution  was  perfectly  clear,  thus  showing  that  no  digestion  had 
taken  place. 

The  results  with  casein  agree  with  those  obtained  with  fibrin.  Form- 
aldehyde was  added  to  milk  in  the  proportion  of  1:100  and  the  mix- 
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tiire  kept  at  40°  for  lialf  an  hour.  At  tlic  end  of  that  time  a  portion 
was  removed  and  to  this  was  added  the  calculated  amount  of  a  3.5  per 
cent  solution  of  ammonia  necessary  to  neutralize  the  formaldehyde  pres- 
ent. This  mixture  was  likewise  put  at  40°  for  half  an  hour,  then  10  cc. 
were  removed  and  1  cc.  of  rennet  solution  (1-1)  added.  No  coagulation 
took  place,  even  after  several  hours,  but  a  precipitate  of  coarse  floccules 
appeared. 

These  results  indicate  that  ammonia  will  have  but  little  if  any  effect 
on  the  proteid  which  has  been  altered  by  formaldehyde. 

ACTION    OF    FORilALDEHYDE    ON    RENNET. 

The  rennet  ferment  used  was  the  same  as  that  employed  in  studying 
the  action  of  formaldehyde  on  milk.  Two  series  of  experiments  were 
made;  one  with  dilute  rennet  solution  (1-4),  and  the  other  with 
stronger  rennet  solution  (1-1).  The  results  were  the  same  in  both 
cases  except  that  with  the  more  dilute  ferment  solution  coagulation 
took  place  more  slow^ly.  The  conditions  were  the  same  as  in  the 
previous  tests  on  milk,  namely,  1  cc.  of  the  ferment  solution  was  added 
to  10  cc.  of  milk,  and  the  tubes  Avere  then  placed  in  a  water-bath  and 
kept  at  a  temperature  of  40°.  In  the  absence  of  fonnaldehyde  coagu- 
lation would  occur  in  about  three-quarters  of  an  hour  to  an  hour  with 
the  dilute  ferment  solution  (1-4:),  and  in  about  10-15  minutes  with  a 
stronger  solution  (1-1).  If,  however,  the  milk  was  previously  warmed 
to  about  40°  coagulation  would  result  much  more  quickly,  sometimes 
even  in  one  or  two  minutes. 

Formaldehyde  and  Dilute  Bennet. 

Experiment  X. — Formalin  was  added  in  the  following  proportions  to 
portions  of  40  cc.  of  rennet  solution  (1-4)  in  flasks: 

Flask  1  received  4    cc.  formalin  (40  per  cent)  =  formaldehyde 1:2.5 

2  "  2  "  "  I:o0 

3  "  1  «'  ■  "  1:100 

4  "  0..5  "  "  1:200 

.5  "  0.2  "  "  1:500 

6  "  0.1  "  '•  1:1000 

C  "  no  formalin.  This  served  as  control. 

Tests  were  made  after  the  mixtures  had  stood  1^,  4,  7  and  14  days  at 
ordinary  room  temperature.     Table  Y  shows  the  results  obtained.     In 
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the  tests  made  on  the  -ith,  7th  and  14th  days  the  milk  was  previously 
wanned  to  40  °  and  then  the  rennet-formaldehyde  mixture  added. 

TABLE  V. 

Mixtures  of  Rennet  and  Formaldehyde  tested  at  the  end  of 

Tnbe    Form-  , ^ , 

No.    aldehyde. 


4. 


1:50 


1:100 


1:300 


1:500 


1:1000 


C. 


1}4  days. 

No  coagulation 

even  after  24 

hours. 
No  coagulation 

even  after  24 

hours. 
Coagulation  in 

about2  hours. 

Coagiilation   in 
about   1}.{ 
hours. 

Coagulation  in 
about  40  min- 
utes. 

Coagulation  iu 
about  40  min- 
utes. 

Coagulation  in 
40  minutes. 


4  days 

No  coagulation 

even  after  24 

hours. 
No  coagulation 

even  after  24 

hours. 
Coagulation   in 

about  2  hours. 

Coagulation  in 
about    \}i 
hours. 

Coagulation   in 
about  1  hour. 

Coagulation   in 
about  1  hour. 


7  days. 

No  coagulation 

even  after  24 

hours. 
No  coagulation 

even  after  24 

hours. 
Thick  in  5  hours, 

solid  later. 

Coagulation   in 
about    \}i 
hours. 

Coagulation    in 
about  1  hour. 

Coagulation   in 
about  1  hour. 


14  days. 

No  coagulation 

even  after  24 

hours. 
No  coagulation 

even  after  24 

hours. 
No  coagulation 

even    after   7 

hours. 
Coagulation  in 

about   2li 

hours. 
Coagulation  in 

about    l}i 

hours. 
Coagulation  in 

about  Ihour. 


Coagulation  in     Coagulation   in     Coagulation  in 
about  1  hour.  about  1  hour.  about  1  hour. 


It  is  evident  from  this  experiment  that  solutions  of  rennet  contain- 
ing formaldehyde  in  strengths  of  1:25  and  1:50  will  apparently  com- 
pletely lose  their  ferment  action  in  less  than  36  hours.  Mixtures 
containing  fomialdehyde  1:100  apparentlj  slowly  lose  their  power 
of  coagulating  milk,  and  hence  retard  the  coagulation  which,  how- 
ever, still  takes  place  even  after  an  exposure  of  14  days.  Mixtures 
containing  formaldehyde  1:200  or  less  practically  seem  to  have  no 
effect  on  rennet.  This  loss  of  ferment  action  is  not,  however,  due  to 
destruction  of  rennet  but  rather,  as  T\all  be  shown  later,  to  the  action 
of  formaldehyde  on  the  casein  of  the  milk,  rendering  this  non-coagu- 
lable.  This  action  corresponds  to  that  of  formaldehyde  on  e^g  albu- 
men, on  blood  serum  and  on  fibrin. 

The  apparent  action  of  formaldehyde  on  rennet  is  well  shown  in  the 
preceding  experiment.  This  is  because  the  weak  rennet  solution  acts 
slowly  on  the  milk  and  hence  the  formaldehyde  has  time  to  act  on  the 
casein.  When  a  stronger  rennet  solution  is  used,  as  in  Experiment 
XI,  the  formaldehyde  is  not  given  the  time  to  alter  the  casein.  Hence 
in  Experiment  XI  coagulation  takes  place,  or  is  but  slightly  retarded 
as  compared  with  Experiment  X. 


* 
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Formaldehyde  and  Strong  Bennet. 

Experiment  XI. — Formalin  was  added  to  portions  of  20  cc.  of  the 
rennet  solution  (1-1),  in  flasks,  in  the  following  proportions: 


Flask  1  received  1  ce.  of  formalin  (40  per  cent): 
"      2         "        0.5 

"      3         "        0.25  "  " 

"      4  "        0.1  "  " 

"      C        "        no  formalin.     Served  as  control. 


:formaldehvde 1:50 

"       "        1:100 

1:200 

"  1:.500 


These  mixtures  were  allowed  to  stand  at  ordinary  room  temperature, 
and  were  tested  at  intervals  during  a  period  of  5  weeks.  The  results 
are  given  in  Table  VI. 

TABLE  VI. 
Mixtures  of  Rennet  and  Formaldehyde  tested  at  the  end  of 


Tube 
No. 

Formal- 
dehyde. 

, 

1  h 

our. 

24  hours. 

4  days. 

11  days. 

35 

days. 

1 

1:.50 
1:100 
1:200 
1:500 

Coagulation 
in  about 
\}i  hrs. 

Thick  in  30 
min.;  solid 
in  40  min. 

Coagulation 
in  10  min. 

Coagulation 
in  10  min. 

Coagulation 
in  7  min. 

Coagulation 
in  3  min. 

Thick   in    1 

hr.;    solid 

later. 
Thick  in  10 

min.;  solid 

in  15  min. 
Thick  in  5  min. 

solid  in  10 

min. 
Coagulation 

in  5  min. 
Coagulation 

in  5  min. 

Coagulation 
iu    about 
30  min. 
;  Coagulation 
in  about 
30  min. 

Coagulation 
in  20  min. 

Coagulation 
in  15  min. 

2. 

Coa^ 
in 

Co  as 
in 

Co  as 
in 

Coag 
in 

:ulation 

3. 

15  min. 
rulation 

4. 

10  min. 
:ulation 

C. 

Coagulation 
in  10  min. 

7  min. 
^ulation 
7  min. 

From  these  results  it  will  be  seen  that  formaldehyde,  when  added 
to  a  strong  solution  of  rennet  ferment,  even  in  the  proportion  of  1 :  50, 
exerts  no  apparent  effect  on  the  ferment.  The  mixtures  of  fennent 
and  formaldehyde  were  as  active  at  the  end  of  five  Aveeks  as  when 
fresh.  The  slight  differences  in  time  required  for  coagulation  by  the 
same  solution  of  ferment  on  different  days  are  most  probably  due  to 
differences  in  the  composition  or  in.  the  temperature  of  the  milk. 
Market  milk  was  used,  and  is  liable  to  vary  slightly  from  time  to  time. 

From  the  tables  it  Avill  be  seen  that  the  ferment  solutions  which 
contained  the  most  formaldehyde  did  not  produce  a  coagulation  as 
rapidly  as  those  in  which  formaldehyde  was  present  in  smaller  amount 
or  was  entirely  absent.  This  is  no  doubt  due  to  the  rapid  alteration 
which  the  casein  undergoes,  especially  at  a  temperature  of  about  40°, 
rather  than  to  a  change  in  the  ferment.  The  following  tests  favor  this 
view. 
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Experiment  XII. — 0.25  cc.  of  40  per  cent  formalin  was  added  to  100 
cc.  of  fresh  milk,  which  was  already  warmed  to  40°,  making  the  ratio 
of  formaldehyde  1:1000.  This  was  kept  at  40°  and  portions  of  10  cc. 
were  removed  and  tested  at  intervals  with  1  cc.  of  rennet  solution  (1-1). 

After  an  exposure  to  formaldehyde  of  15  minutes  the  milk  would 
coagulate  in  10  to  15  minutes.  After  standing  for  an  hour,  it  would 
thicken  in  about  25  minutes,  but  would  not  become  solid  till  some  time 
later.  "WTien  tested  at  the  end  of  two  hours  the  same  results  were 
obtained. 

On  comparison  with  Experiments  III  and  IV,  it  will  be  noticed  that 
when  formaldehyde  is  added  to  milk  in  the  ratio  of  1:1000  there  is 
slow  action  at  ordinary  room  temperature.  After  standing  for  a  day  or 
so,  rennet  will  give  a  coagulation  almost  as  promptly  as  with  fresh  milk. 
If,  however,  the  formaldehyde  is  added  to  milk  and  the  mixture  kept 
at  about  40°,  the  action  is  more  rapid,  as  shown  above. 

In  order  to  render  perfectl}'  clear  the  action  of  formaldehyde  in  Ex- 
periments X  and  XI,  attention  should  be  called  to  the  fact  that  the 
formaldehyde  rennet  mixtures  were  added  in  portions  of  1  cc.  to  10  cc. 
of  milk.  Consequently  the  resultant  mixture  of  milk,  rennet  and  fer- 
ment contained  approximately  one-tenth  the  amount  of  formaldehyde 
in  the  original  rennet  mixture.  Thus,  the  rennet-formaldehyde  mix- 
ture (1:50)  on  addition  to  milk  yields  a  solution  containing  formalde- 
hyde 1:500.  !N"ow,  on  reference  to  Experiments  III  and  IV,  it  will  be 
seen  that  the  addition  of  formaldehyde  (1:500)  to  milk  altered  the  casein 
in  4-|  hours  and  1  hour  respectively  to  such  an  extent  that  in  the 
former  case  (dilute  rennet)  no  coagulation  resulted,  whereas  in  the  latter 
case  (strong  rennet)  coagulation  was  retarded.  It  required  1^  hours  to 
coagulate,  whereas  in  the  control  test  the  milk  coagulated  in  15  minutes. 
This,  it  will  be  seen,  corresponds  exactly  to  the  behavior  of  formalde- 
hyde-rennet mixture  1:50  in  Experiments  X  and  XL 

If,  however,  formaldehyde  is  added  to  warm  milk  the  action  is 
much  more  rapid.  Portions  of  10  cc.  each  of  milk  were  wanned  to 
40°  and  0.25  cc.  of  formalin  (40  per  cent)  were  then  added  to  each, 
making  the  proportion  1:100".  After  these  mixtures  had  stood  for 
1,  3,  10  and  15  minutes,  1  cc.  of  the  rennet  solution  (1-1)  was  added. 
Coagulation  resulted  within  1  or  2  minutes  in  the  first  and  second  tubes, 
and  in  about  5  minutes  in  the  third.  The  milk  in  the  fourth  tube  did 
not  give  any  indication  of  coagulating  during  the  first  quarter  of  an 
hour.  Then  it  began  to  thicken,  gradually  became  thicker  and  finally 
became  almost  solid  in  about  an  hour. 
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The  papain  n:>ed  was  made  by  Kahlbaniii.  It  was  a  very  light 
gi'ay  powder,  readily  soluble  in  water,  forming  a  clear  solution.  It 
was  not,  howe^'er,  nearly  as  active,  weight  for  weight,  as  the  pepsin, 
and  consequently  was  used  in  more  concentrated  solution. 

Experiment  XIII. — 5  grammes  of  the  ferment  were  dissolved  in  400 
cc.  of  distilled  water.  This  solution  was  divided  into  portions  of  75  cc. 
each,  which  were  placed  in  flasks  and  formaldehyde  was  added  as  follows: 

Flask  1  received  3.75  cc.  of  formaliu  (20  per  cent)  =  t'oriii.ihU-hyde  1:100 

"       2       "  1.50  "  "      "  1:250 

"       3        "  0.75  "  "  1:.500 

"       4        "  0.375  "  "  1:1000 

"      C       "  no  formalin  and  served  as  control. 

After  standing  for  24  hours  at  ordinary  room  temperature,  10  cc.  of 
each  mixture  were  placed  in  test-tubes;  an  equal  volume  of  a  0.4  per  cent 
solution  of  hydrochloric  acid  and  a  few  small  shreds  of  fibrin  were  added 
to  each  tube.  The  tubes  were  then  placed  in  a  water-bath  and  kept  at 
a  temperature  of  38°-40°  for  several  hours. 

Within  a  few  minutes  the  fibrin  in  all  of  the  tubes  had  become  swollen, 
owing  to  the  action  of  the  acid.  There  was,  however,  no  sign  of  digestion 
in  any  of  the  tubes  in  which  formaldehyde  was  present.  Even  after  being 
kept  at  that  temperature  for  24  hours  the  liquid  was  perfectly  clear  and 
there  was  no  diminution  in  the  amount  of  the  fibrin.  Digestion  did 
proceed,  however,  in  tube  C,  which  served  as  a  control.  At  the  end  of 
two  hours  the  liquid  was  cloudy  and  about  half  of  the  fibrin  had  dis- 
solved; two  or  three  hours  later  the  fibrin  had  entirely  disappeared. 

It  did  not  seem  probable  that  the  failure  of  papain  to  digest  fibrin 
in  the  above  experiment  could  be  due  to  any  action  of  the  formalde- 
hyde on  the  fibrin.  Fibrin,  as  seen  in  Experiment  II,  which  has  been 
allo^ved  to  stand  for  three  days  in  a  formaldehyde  solution  of  the 
same  strength  as  that  used  in  mixtures  3  and  4  is  quite  readily  digested 
by  pepsin  and  by  pancreatin.  It  was  found,  however,  that  fibrin 
which  had  been  exposed  to  the  action  of  a  formaldehyde  solution 
1:1000  for  half  an  hour  at  40°  will  be  digested  by  papain.  More- 
over, a  solution  of  papain  in  hydrochloric  acid,  containing  formalde- 
hyde in  the  proportion  of  1:1000,  will  not  digest  fresh  fibrin. 

The  following  experiments  wdll  seiwe  to  explain  the  previous  results: 


64  Action  of  Formaldehyde  on  Enzymes 

Experiment  XIV. — 1.  Some  fresh  fibrin  ■\\'as  added  to  a  solution  of 
formaldehyde  1:1000  and  kept  at  40°.  At  the  end  of  3  and  again  at  the 
end  of  7  hours  small  portions  were  taken  out,  thoroughly  squeezed  in 
order  to  remove  the  formaldehyde  adhering,  and  then  tested  with  the 
control  solution  C  iised  above.  Even  after  standing  over  night  at  a 
temperature  of  37°-40°  they  showed  no  signs  of  digesting.  The  liquid 
was  perfectly  clear  and  there  was  no  diminution  in  the  amount  of  the 
fibrin,  which,  however,  had  become  swollen. 

2.  Another  test  was  made  in  order  to  determine  whether  fibrin  would 
be  altered  in  less  time  than  three  hours  so  that  it  would  become  non- 
digestible. 

5  grammes  of  papain  were  dissolved  in  500  cc.  of  0.15  per  cent 
hydrochloric  acid,  thus  making  a  ferment  solution  of  nearly  double  the 
strength  of  the  one  used  in  the  preceding  experiment.  Fibrin  was 
added  to  a  solution  of  formaldehyde  1:1000  and  kept  at  40°.  At  inter- 
vals of  one-half  hour  small  portions  were  removed,  washed,  and  added 
to  portions  of  15  cc.  of  the  ferment  solution,  and  the  tubes  kept  at  40°. 
Three  tests  were  made,  in  which  the  fibrin  had  been  exposed  to  the  action 
of  the  formaldehyde  for  one-half,  one  and  one  and  one-half  hours,  re- 
spectively. In  none  of  these  did  digestion  take  place.  Even  after  stand- 
ing in  the  incubator  for  24  hours  the  fibrin  was  unchanged  in  appearance 
and  the  liquid  was  perfectly  clear  in  each  tube.  In  the  control  tube, 
however,  the  liquid  became  cloudy  in  a  short  time,  and  the  fibrin  was 
almost  entirely  digested  within  three  hours. 

3.  1  gramme  of  papain  was  dissolved  in  50  cc.  of  water  and  the  solu- 
tion divided  into  three  portions,  a,  6  and  c;  to  &  formaldehyde  was 
added  in  the  proportion  of  1:1000.  The  solutions  were  then  set  aside 
at  ordinary  room  temperature  for  24  hours.  Fresh  fibrin  was  then 
added  to  a  and  h,  whereas  c  received  fibrin  which  had  stood  for  24  hours 
in  formaldehyde  1:1000.  An  equal  volume  of  0.3  per  cent  hydrochloric 
acid  was  added  to  each  and  the  tubes  were  then  placed  in  the  water-bath 
at  40°.  At  the  end  of  an  hour  the  liquid  in  tube  a  was  cloudy;  the 
fibrin  slowly  dissolved  during  the  afternoon.  The  fibrin  in  tubes  &  and 
c  gave  no  indications  whatever  of  digesting  after  being  kept  at  that  tem- 
perature for  several  hours.  The  fibrin  was  swollen,  but  there  was  no 
diminution  in  its  amount  and  the  liquid  was  perfectly  clear. 

4.  5  grammes  of  papain  were  dissolved  in  250  cc.  of  water  and  form- 
aldehyde was  added  in  the  proportion  of  1:1000.  The  solution  was  then 
allowed  to  stand  for  24  hours  at  ordinary  temperature,  then  divided  into 
two  portions.     Ammonia  was  added  to  the  first  in  sufficient  amount  to 


('.    I..    l;ii—   :iii(|    1".    (i.    Novv  (;5 

exactly  neutralizo  the  J'oi  iiKiklL-liydt-.  wliile  double  this  quantity  of  aiiiiuo- 
nia  was  added  to  the  second.  After  standing  for  three  hours  at  ordinary 
temperature  portions  of  each  of  these  mixtures  were  placed  in  tubes,  the 
free  ammonia  neutralized  with  dilute  hydrochloric  acid,  and  then  an 
equal  volume  of  0.3  per  cent  hydrochloric  acid  and  fibrin  were  added. 
The  tubes  were  then  placed  in  the  incubator  at  38°-40°  and  examined 
on  the  following  day.  The  fibrin  in  both  tubes  was  swollen,  but  none 
had  dissolved;  both  solutions  were  perfectly  clear. 

The  same  experiment  was  repeated  after  the  ammonia  had  been  allowed 
to  act  for  eight  hours.  The  results  were  exactly  the  same  as  in  the 
preceding. 

It  was  found,  however,  that  ammonia  even  in  very  small  amount  de- 
stroyed the  ferment.  A  few  drojis  of  a  dilute  solution  of  ammonia 
added  to  the  above  solution  of  papain  and  allowed  to  act  for  half  an 
hour  rendered  it  incapable  of  digesting  fibrin. 

It  is  evident  from  the  above  results  that  formaldehyde  interferes 
with  papain  digestion,  both  by  destroying  the  ferment  as  well  as  by 
hardening  the  fibrin. 

ACTIOX    OF    FORMALDEHYDE    OX    COM.MEKCIAL    PAXCKEATIN. 

Commercial  pancreatin  (Parke,  Davis  ik  Co.)  was  employed  in  the 
following  experiments : 

Experiment  XV. — 5  grammes  of  the  yellow  powder  were  dissolved  in 
400  cc.  of  water  and  formaldehyde  was  added  in  the  same  proportions 
as  in  the  case  of  papain.  Experiment  XIII.  namely,  1:100,  1:350,  1:500 
and  1:1000;  another  portion  was  reserved  for  contiol  tests.  10  cc.  of 
the  control  solution,  to  which  an  equal  volume  of  one  or  two  per  cent 
XajCOg  solution  was  added  would  dissolve  a  few  shreds  of  fibrin  in  two 
or  three  hours.  The  proteohiiic  action  was  therefore  quite  strong, 
though  not  as  marked  as  that  of  the  aqueous  extract  of  pancreatic  gland 
employed  in  experiments  presently  to  be  described.  Inasmuch  as  this 
solution  possessed  very  weak  diastatic  power  its  action  on  starch  paste 
was  not  tried. 

After  the  solutions  of  ferment  and  formaldehyde  had  been  made,  they 
were  allowed  to  stand  at  ordinary  temperature  for  24  hours.  Then  10 
cc.  were  taken  from  each  mixture,  diluted  with  an  equal  volume  of  one 
per  cent  XasCOg  solution,  and  small  shreds  of  fibrin  added.     The  tubes 


66 


Action  of  Formaldehyde  on  Enzymes 


were  then  placed  at  a  temperature  of  38°-i0°,  and  examined  occasionally 
during  the  next  2i  hours.     The  results  are  given  in  Table  VII. 

TABLE  VII. 
Pancreatin-Formaldehyde  Mixture  (34  Hours  Old),  Tested  with  Fibrix. 

Digested  at  38°-40°  for 


Tube     Formal- 
No.       dehyde. 
1..        1:100 


1:250 


3. 


1:500 


2  hours. 

No  chauge,  ex- 
cept that  the 
fibrin  seems 
hardened. 

No  change,  ex- 
cept that  the 
fibrin  seems 
hardened. 

No  chau2:e. 


4  hours.  6  hours. 

Same  as  before.     Same  as  before. 


24  hours. 
Same  as  before. 


1:1000     No  change. 


Fibrin  nearly 
dissolved. 


Same  as  before; 
fibrin  slight- 
ly hardened. 

Same  as  before; 
fibrin  slight- 
ly hardened. 


Fibrin  entirely 
dissolved. 


There  was  no  diminution  in  the  amount  of  the  fibrin  in  the  first 
four  tubes  and  no  indication  whatever  that  digestion  was  taking  place. 
It  appears  from  these  results  that  formaldehyde,  even  in  very  small 
amount,  prevents  pancreatic  digestion  of  proteid  material,  and  that 
this  is  due  to  alteration  of  the  ferment  rather  than  to  a  change  in  the 
material  acted  upon.  It  has  already  been  stated  under  Experiment 
II  that  fibrin,  when  exposed  to  the  action  of  dilute  formaldehyde  solu- 
tion (1:1000)  for  24  hours  is  digested,  though  the  process  is  retarded. 
This  fact  is  brought  out  clearly  in  Test  3  below. 

The  following  experiment  was  made  in  order  to  demonstrate  posi- 
tively the  action  of  formaldehyde  on  trypsin.  The  solution  of  pan- 
creatin  used  was  the  same  as  that  employed  in  the  preceding  experi- 
ment. 

Experiment  XVI. — Tube  1  contained  pancreatin  solution  and  fibrin, 
and  served  as  a  control. 

Tube  2  contained  pancreatin  and  formaldehyde  1:1000  21  hours  old, 
and  fibrin. 

Tube  3  contained  pancreatin  to  which  was  added  fibrin  which  had 
stood  in  formaldehyde  1:1000  for  24  hours  at  room  temperature. 

The  results  are  siven  in  Table  VIII. 
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Tube 

No. 

1.  . 

3.. 


TABLE   Vlll. 
Oiyestiiiii'  mixtures  kept  at  88°-40°,  aud  exauiiued  at  the  end  (jf 

6  hours. 


2  hours. 
Fibrin  dissolving 
No  olianire. 


8  hours. 
Fibrin  dissolved. 
No  clianife. 

Fibrin  digestintr  slowly. 


No    change;    librin  is 

slightly  liardened. 
Fibrin  dissolved. 


It  is  evident  therefore  that  fibrin  which  had  been  exposed  to  the 
action  of  a  very  dilute  formaldehyde  solution  is  soon  rendered  very 
resistant  to  the  action  of  commercial  pancreatin.  The  latter,  how- 
ever, is  quickly  altered  and  rendered  incapable  of  digesting  fibrin. 

ACTION  OF  FORMALDEHYDE  ON  AN  EXTRACT  OF  PANCREATIC  GLAXI). 

The  results  with  commercial  pancreatin  were  confirmed  with  an 
aqueous  extract  of  the  fresh  pancreatic  glands.  This  extract  was 
also  used  for  the  purpose  of  studying  the  effect  of  formaldehyde  on  the 
diastatic  ferment. 

Experiment  XVII. — Two  fresh  glands  were  cut  up  as  finely  as  possi- 
ble and  a  litre  of  water  was  added.  The  mixture  was  allowed  to  stand 
over  night  in  a  cool  place.  It  was  then  filtered  and  the  clear  filtrate  was 
divided  into  portions,  to  which  formaldehyde  was  added  in  the  same 
proportions  as  in  the  case  of  the  pancreatin  solutions,  namely,  1:100, 
1:'250,  1:.500  and  1:1000;  another  portion  was  reserved  for  control  tests. 
These  mixtures  were  allowed  to  stand  at  ordinary  room  temperature  for 
24  hours.  Then  10  cc.  of  each  mixture  were  diluted  with  an  equal 
volume  of  two  per  cent  sodium  carbonate,  a  few  shreds  of  fibrin  added, 
and  the  tubes  placed  in  the  water-bath  at  38° -40°.  The  results  were 
as  follows  (Table  IX): 


TABLE  IX. 

Pancreatic  Extract  and 

Formaldehyde  Mixtures,  24  Hocrs  Old 

Digested  at  3S°-40°  for 

Tube 

Formal- 
dehyde. 

^ 

No. 

2  hours. 

4  hours.                    6  hours.                   24  hours. 

1.  . 

1:100 

No   change,  ex- 
cept that  the 
fibrin    seems 
hardened. 

Same  as  before.    .  Same  as  before.     Same  as  before. 

2 

1:250 

No  change,  ex- 
cept that  the 
fibrin    seems 
hardened. 

<i                               ((                               <i 

3.. 

1:.500 

No  change. 

a                               I.                               11 

4.  . 

1:1000 

Fibrin   dissolv- 

Fibrin about          Fibrin  almost 

ing  slowly. 

half    dissolv-         entirely    dis- 
ed.                           solved. 

C. 

Fibrin  nearly 

Fibrin    dissolv- 

dissolved. 

ed. 
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Only  one  set  of  tests  was  made  with  these  mixtvires,  since  it  was  found 
that  when  formaldehyde  had  been  added  to  the  solution  in  the  proportion 
of  1 :  500  or  stronger  and  allowed  to  act  for  24  hours,  digestion  of  fibrin 
would  not  take  place;  and  when  added  in  smaller  amount,  1:1000,  the 
activity  of  the  ferment  was  considerably  lessened. 

Experiment  XVIII. — A  stronger  solution  of  the  trypsin  ferment  was 
made  than  that  used  in  the  preceding  experiment.  Two  beef  glands, 
finely  divided,  Avere  suspended  in  500  cc.  of  water.  The  mixture  was 
allowed  to  stand  24  hours  and  was  then  filtered.  Formaldehyde  was 
added  to  portions  of  the  clear  filtrate  in  the  ratio  of  1:500  and  1:1000, 
while  another  portion  received  none  and  served  as  a  control  solution. 
The  solutions  were  allowed  to  stand  for  24  hours  longer.  Then  10  cc. 
of  each  mixture  were  diluted  with  10  cc.  of  a  two  per  cent  sodium  car- 
bonate solution  and  tested  with  fresh  fibrin,  and  also  with  fibrin  that 
had  been  exposed  to  the  action  of  formaldehyde  1:500  and  1:1000  for  24 
hours.     The  results  are  given  in  Table  X. 

TABLE   X. 

MiXTVHES    OF    ThYPSIN    AND    F I BKI  N-FoKM  A  LDEU  TDK    DIGESTED    AT    38°-- tO°. 


24  hours'  Mixture 

E.\amine 

d  at  the  end  of 

of  trypsin- 
formaldehyde. 

Material  used. 

j^ 

}o'  hour. 

13-^  hours. 

Formaldehvde, 

Fibrin. 

No  change. 

Fibrin  nearly 

1:500. 

dissolved. 

Fibrin-fornialde- 

No  change. 

Fibrin  dissolving 

liyde,  1:.500. 

slowly. 

Fibriu-formalde- 

No  change. 

Fibrin  dissolved. 

liyde,  1:1000. 

Formaldohyde, 

Fibrin. 

Fibrin  dissolving 

Fibrin  dissolved. 

1:1000. 

slowly. 

Fibrin-fornialde- 

No  change. 

Fibrin  dissolved. 

byde,  1:.500. 

Fibrin-formalde- 

Fibrin nearly 

Fibrin  dissolved. 

hyde,  1:1000. 

dissolved. 

Plain  trypsin. 

Fibrin. 

Fibrin  nearly 
dissolved. 

Fibrin  dissolved. 

Fibrin-formalde- 

Fibrin dissolving 

Fibrin  dissolved. 

hyde,  \:-m\ 

slowly. 

Fibrin-formalde- 

Fibriu  nearly 

Fibrin  dissolved. 

hvde,  1:1000. 

dissolved. 

At  the  end  of  six  hours  the  solutions  in  the  last  three  tubes  had  a 
strong,  putrid  odor,  whereas  none  of  the  others  possessed  any  such  odor. 

When  formaldehyde  is  added  in  rather  strong  concentration  (1:100  or 
stronger)  to  an  aqueous  extract  of  the  pancreatic  gland,  rich  in  ferment 
and  proteid  matter,  a  coarse,  voluminous  precipitate  is  thrown  down. 
It  was  thought  that  possibly  the  ferment  might  be  enclosed  within  this 
precipitate  and  prevented  from  exerting  its  action  through  mechanical 
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interference,  although  it  niigiit  still  possess  its  proteolytic  property. 
This  was  not  found  to  be  the  case,  however,  as  will  he  seen  from  the 
following  experiment. 

Experiment  XIX. — Two  fresh  glands  were  crushed  in  a  iiin'iar  with 
fragments  of  glass,  250  cc.  of  water  were  added,  and  the  mixture  allowed 
to  stand  over  night.  It  was  then  filtered,  and  formaldehyde  was  added 
to  portions  of  the  clear  filtrate  in  the  proportion  of  1:25,  1:100,  1:500 
and  1:1000;  another  portion  was  reserved  for  control  tests.  These 
mixtures  were  again  allowed  to  stand  over  night.  At  the  end  of  that 
time  the  first  two  flasks  contained  a  coarse  precipitate,  while  the  other 
three  mixtures  were  almost  perfectly  clear.  Portions  from  the  first  and 
second  flasks  were  ground  finely  in  a  mortar  with  fragments  of  glass. 
an  equal  volume  of  one  per  cent  sodium  carbonate  added,  and  then  small 
portions  of  fibrin.  The  tubes  were  then  placed  in  an  iiicul^ator  and 
kept  at  a  tem]ierature  of  35° -40°  over  night.  At  the  end  of  24  hours 
the  fibrin  in  these  two  tubes  gave  no  indication  whatever  of  dissolving; 
on  the  contrary,  it  appeared  hardened.  The  fibrin  in  the  control  tube, 
however,  was  completely  dissolved  within  a  few  hours  and  the  solution 
had  the  strong,  putrid  odor  characteristic  of  tryiDtic  digestion. 

Inasmuch  as  fibrin  is  rapidly  hardened  by  formaldehyde,  especially 
when  the  latter  is  allowed  to  act  at  a  temperature  of  3o°-4:0°,  it  seemed 
possible  that  failure  to  undergo  digestion  by  a  solution  of  trypsin  con- 
taining formaldehyde  might  be  made  due  to  this  cause.  Consequently 
portions  of  each  of  the  mixtures  of  ferment  mentioned  above  were 
diluted  with  20  parts  of  0.5  per  cent  sodium  carbonate  solution,  fibrin 
was  added,  and  the  tubes  were  placed  in  the  incubator  over  night.  At 
the  end  of  24  hours  the  fibrin  in  the  first  tube  was  slightly  hardened, 
but  had  not  dissolved.  The  fibrin  in  the  second,  third,  and  fourth  tubes 
had  apparently  undergone  no  change  whatever;  that  in  the  fifth,  or  con- 
trol, tube  was  dissolving  slowly.  A  few  hours  later  the  fibrin  in  the 
fourth  tube  was  nearly  dissolved,  and  that  in  the  control  was  com- 
pletely dissolved. 

The  following  experiment  was  made  in  order  to  determine  whether 
neutralizatio.n  of  the  formaldehyde  with  ammonia  would  restore  the 
proteolytic  property  to  the  ferment. 

Experiment  XX. — An  extract  was  made  as  in  the  above  experiments, 
using  two  glands  and  500  cc.  of  water.  Formaldehyde  was  added  in  the 
proportions  of  1:25.  1:100,  1:1000,  while  another  portion  was  reserved 
for  control  experiments.  After  allowing  these  mixtures  to  stand  over 
night,  the  calculated  amounts  of  ammonia  required  to  neutralize  the 
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formaldehyde  were  added  to  portions  of  each  of  the  mixtures,  and  they 
were  then  allowed  to  stand  for  five  hours.  An  equal  volume  of  one  per 
cent  sodium  carbonate  solution  and  a  few  shreds  of  fibrin  were  added, 
and  the  tubes  were  then  placed  in  the  incubator  over  night.  Next  morn- 
ing the  fibrin  in  the  first  and  second  tubes  had  undergone  no  change; 
that  in  the  third  tube  had  shown  no  indications  of  dissolving  during 
the  first  seven  or  eight  hours,  but  later  it  did  dissolve  completely.  The 
fibrin  in  the  control  tube  dissolved  completely  within  about  three  hours. 
A  few  drops  of  ammonia  were  added  to  another  portion  of  the  control 
solution  of  ferment,  alloAved  to  act  for  five  hours,  and  then  the  solution 
was  tested  as  above.  The  fibrin  in  this  tube  was  dissolved  with  about 
the  same  rapidity  as  that  in  the  control  test,  showing  that  a  small 
amount  of  free  ammonia  has  but  very  little  if  any  action  on  trypsin. 

The  conclusions  that  are  to  be  drawn  from  these  experiments  are 
that  formaldehyde  exerts  a  powerful  action  on  trypsin.  When  present 
even  in  so  small  an  amount  as  1:1000,  digestion  of  fibrin  is  greatly 
retarded.  When  added  to  a  strong  extract  of  the  ferment  in  the 
proportion  of  1 :  500,  digestion  of  fibrin  w'ill  take  place  but  very 
slowly.  If,  however,  formaldehyde  is  added  in  the  same  ratio  to 
a  weaker  solution  of  the  ferment,  digestion  will  fail  to  take  place. 
That  formaldehyde  alters  the  trypsin  and  renders  it  inactive  is  seen 
from  the  results  in  Experiment  XIX;  for  if  failure  to  digest  fibrin 
were  due  to  the  hardening  action  of  formaldehyde  alone,  dilution  of 
the  ferment-formaldehyde  mixture  should  make  the  proportion  of 
formaldehyde  so  small  that  its  action  would  be  imperceptible,  in  which 
case  the  ferment  should  dissolve  the  fibrin.  The  addition  of  ammonia 
will  not  restore  to  the  ferment  its  proteolytic  property. 

ACTION    or    FORMALDEHYDE    ON    AMYLOPSIN. 

The  influence  of  formaldehyde  on  the  diastatic  ferment  of  the  pan- 
creatic gland  was  tested  in  connection  with  the  experiments  on  trypsin 
just  described.  In  the  first  few  tests,  a  starch  paste  made  from  corn 
starch  was  employed ;  this  was  not  suited  for  experiments  with  diastatic 
ferments,  however,  since  com  starch  is  not  so  easily  and  rapidly 
digested  as  potato  starch.  Consequently  the  latter  was  used  instead 
in  the  later  tests,  and  onl}^  these  tests  ^^all  be  given. 
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Expcrimctd  XXI. — The  niixluros  of  extract  and  tonnaldehyde  em- 
ployed were  those  described  in  Experiment  XIX.  Alter  these  mixtures 
had  stood  for  about  21  hours,  10  cc.  of  each  were  diluted  with  10  cc.  of 
a  one  per  cent  sodium  carbonate  solution,  and  20  cc.  of  a  freshly  pre- 
pared one  per  cent  starch  jniste  were  added.  Two  other  tubes  were  pre- 
pared, using  the  formalin-ferment  mixtures  Nos.  1  and  2  (containing 
formaldehyde  1:25  and  1:100  respectively),  which  had  previously  been 
ground  up  fiuely  with  fragments  of  glass.  The  tubes  were  kept  in  the 
incubator  and  small  portions  of  each  were  tested  from  time  to  time  with 
iodine  solution.     The  results  are  given  in  Table  XI. 

TABLE   XL 

PANCKEATIf    SrSPEXSIOX    AND    FORMALDEHYDE    (KEPT    FOR    24    HoURS    AT    ORDINAKV 

Temperature),  then  Starch  Added  and  Resultant  Mixture 
Kept  at  3S°-40°  and  Tested  with  Iodine  Solution. 

Results. 
Deep  blue  at  the  end  of  34  hours. 

Violet  iu  1.5  min.;  color  gradually  became  lighter, 

piuk  at  the  end  of  24  hours. 
Deep  blue  at  the  eud  of  24  liours. 
Piuk  in  1.5  min.;  colorless  in  30  inin. 
Colorless  in  15  min.  or  less. 
C.  .... 

Experiment  XXII. — The  mixtures  of  ferment  and  formaldehyde  were 
those  described  in  Experiment  XX.  The  tests  were  made  in  the  same 
way  as  in  the  preceding  experiment,  and  the  results  are  given  in 
Table  XII. 

TABLE  XIL 

Mixtures  of  Ferment-Formaldehyde  (34  hours  old)  and  Starch 
tested  with  Iodine. 

No.   of  Mixture.         Formaldehyde.  Results. 

1.  1:25  Deep  blue  at  the  eud  of  2  hours;    deep  violet  in 

3  hours. 

2.  1:100  Violet    at  the  end  of    15  miu.  ;  colorless  at  the 

end  30  min. 

3.  1:1000  Colorless  in  15  min.,  or  less. 
C.                                


No. 

of  Mixture. 

F 

ormaldehyde. 

1. 
1. 
•2 

(ground.) 

1:25 
1:25 
1:100 

2. 
3. 
4. 

(ground.) 

1:100 
l:.50O 
1:1000 

Experiment  XXIII. — Portions  of  the  same  mixtures  as  those  used 
in  Experiment  XXII  were  treated  with  the  calculated  amounts  of  am- 
monia necessary  to  neutralize  the  formaldehyde  present,  allowed  to  stand 
at  ordinary  temperature  for  five  hours,  and  then  tested  in  the  same 
manner  as  above.  A  few  drops  of  ammonia  were  also  added  to  a  portion 
of  the  control  mixture  at  the  same  time.     The  results  were  cjuite  similar 
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to  those  given  in  Experiment  XXII.  although  the  conAersion  was  slower 
in  each  case. 

TABLE  XIII. 

MlXTVRES    OF    FeKMENT-FoKMALDEHYDE-AWMONIA    (24    IIOIKS    OLD)    AND    StARCH 

TESTED    WITH    lODINE. 

No.   of  Mixture.         Formaldehyde.  Results. 

1.  1:2.5  Deep  blue  at  the  eud  of  24  hours. 

2.  1:100  Deep  blue  at  the  end  of  one  hour;   color  gradu- 

ally became  lighter ;    pink  at  the  end    of    24 
hours. 

3.  1:1000  Colorless  in  about  1  hour. 

C.  Colorless  iu  about  30  minutes. 

These  results  show  that  ammonia  will  not  remove  the  formaldehyde 
that  is  held  in  combination  by  the  ferment,  and  thus  restore  to  the 
latter  its  amylol3rtic  property.  On  the  contrary,  the  presence  of  free 
ammonia  seems  to  hinder  the  action  of  the  ferment.  This  view  is  con- 
firmed by  the  following  test,  made  with  mixture  Xo.  3  (containing  form- 
aldehyde 1:1000). 

To  two  portions  of  10  cc.  each  of  this  solution  1  and  4  cc.  respectively 
of  a  3.5  per  cent  solution  of  ammonia  were  added,  and  the  mixtures 
allowed  to  stand. for  about  three  hours.  An  equal  volume  of  starch 
paste  was  then  added  to  each  and  the  tubes  were  placed  in  the  incubator 
over  night.  Xext  morning  small  portions  of  each  ware  tested  with 
iodine,  after  neutralizing  the  free  ammonia  with  dilute  acetic  acid.  In 
one  case  a  deep  wine  color  was  produced,  while  in  another,  in  which 
ammonia  had  been  added  in  larger  amount,  a  deep  violet  color  was  pro- 
duced. A  control  test  made  with  the  same  mixture  of  ferment  and 
formaldehyde  gave  no  color  with  iodine  after  15  minutes  at  40°. 

From  the  above  results  it  ^\\\\  be  seen  that  formaldehyde  has  a 
depressing  action  on  the  diastatic  ferment  of  the  pancreas,  though  this 
action  is  not  so  marked  as  in  the  case  of  trypsin.  Formaldehyde 
added  to  an  active  solution  of  trypsin  in  the  proportion  of  1:500  will 
completely  destroy  the  action  of  the  ferment,  unless  the  solution  is  an 
exceedingly  active  one.  Even  when  present  in  so  small  an  amount  as 
1:1000  the  action  of  the  ferment  is  greatly  retarded.  On  the  other 
hand,  formaldehyde  added  to  a  solution  of  amylopsin  in  the  propor- 
tion of  1:500  exerts  but  little  action  on  the  ferment  after  being 
allowed  to  act  for  24  hours.  When  present  in  the  ratio  of  1:100 
conversion  of  starch   is  greatly  retarded,   but  will   still   take  place. 
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Like  trypsin,  amylopsin  sccnis  to  be  destroyed,  and  not  rendered  inac- 
tive merely  by  mechanical  interference;  and  like  tryi)sin,  papain  and 
saliva,  its  properties  are  not  restored  by  adding'  the  calcidated  niiKnint 
of  ammonia  required  to  neutralize  the  formaldehyde. 

ACTION    OF    FORMALDEHYDE    OX    PTVALIX. 

Several  samples  of  ptyalin  were  tested,  Ijiit  inasmuch  as  these  pos- 
sessed little  or  no  action,  saliva  was  employed  instead.  The  experi- 
ments were  carried  on  in  general  in  the  same  manner  as  those  with 
amylopsin,  and  the  results  were  very  similar  to  those  obtained  with 
that  ferment;  they  agree  also  with  the  results  obtained  with  malt 
diastase  to  be  described. 

When  formaldehyde  was  added  to  saliva  in  small  amount  it  had 
very  little  effect  on  ptyalin;  if  added  in  larger  amount,  and  the  mix- 
ture kept  at  ordinary  temperature,  it  had  a  depressing  action,  but  did 
not  completely  destroy  the  ferment  for  several  days.  If  such  a  mix- 
ture were  kept  at  about  40°  for  some  time,  however,  the  action  of  the 
formaldehyde  was  more  marked,  and  the  ferment  was  eventually 
destroyed. 

Experiment  XXIV. — Fresh  saliva  was  collected,  filtered,  and  divided 
into  portions  of  20  cc.  each.  Formaldehyde  was  added  to  these  in  the 
proportions  of  1:100,  1:250  and  1:1000;  another  portion  was  reserved 
for  control  tests.  These  mixtures  were  allowed  to  stand  in  corked  flasks 
for  24  hours  at  ordinary  temperature.  At  the  end  of  that  time  1  cc.  of 
each  was  added  to  25  cc.  of  freshly  prepared  one  per  cent  potato  starch 
paste,  the  tubes  placed  in  the  water-bath  at  40°,  and  at  intervals  por- 
tions from  each  tube  were  tested  with  iodine  solution.  The  results  are 
given  in  Table  XIV. 

TABLE   XIV. 

MiXTiREs  OF  Sai-iva-Formaldehyde   (34  Hoiks  Old)   and  Starch  Tested  with 

Iodine. 

Results. 
Color  graduallj-  chano-ed  to  light  wiue-red  at  the  eud 

of  .5  hours  ;   colorless  next  morning. 
Light   wine-red  at   the  end  of  }.,   hour;  colorless  in 

%  hour. 
Nearly  colorless  in  10  min.;  colorless  in  less  than  20 

min. 
Colorless  in  less  than  .5  min. 


Tube 

No. 

F 

ormaldehyde, 

1. 

1:100 

2. 

1:250 

3. 

1:1000 

C. 
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The  tests  were  repeated  on  the  following  day  with  almost  exactly  the 
same  results.  Conversion,  however,  took  place  slightly  more  slowly  in 
tubes  Nos.  1,  2  and  3.  At  the  same  time  a  series  of  tests  was  made  in 
like  manner,  using  portions  of  these  same  saliva-formaldehyde  mixtures 
which  had  been  kept  in  the  incubator  at  about  40°  for  24  hours.  Con- 
version took  place  much  more  slowly  in  these,  showing  that  the  for- 
malin exerts  more  effect  on  the  ferment  if  allowed  to  act  on  it  for  some 
time  at  an  elevated  temperature.     The  results  are  given  in  Table  XV. 


TABLE  XV. 

AIiXTUKEs  OF  Saliva-Formaldehyde  (24  Hours  at  40°)  and  Starch  Tested 

WITH  Iodine. 
Tube  No.  Formaldebyde.  Results. 

1.  1:100  Deep  wiue-red  at  end  of  7  hours. 

2.  1:2.50  Light 

3.  1:1000  Colorless  in  about  1}^  hours. 


Colorless  in  less  than  o  min. 


These  results  were  ccnfirmed  in  the  following  experiment: 

Experiment  XXV. — Saliva-formaldehyde  mixtures  were  made  in  the 
same  manner  as. in  the  preceding  experiment.  Each  was  divided  into 
two  portions,  one  of  these  being  kept  at  ordinary  temperature,  and  the 
other  at  35°-40°  during  the  time  the  experiment  was  carried  on.  Tests 
were  made  at  the  end  of  4  hours,  24  hours.  3  days  and  9  days.  25  cc.  of 
freshly  prepared  starch  paste  and  1  cc.  of  the  saliva-formaldehyde  mix- 
ture were  used  in  each  case.  The  results  are  given  in  Tables  XVI  and 
XVII;  the  former  table  is  with  the  mixtures  that  had  been  allowed  to 
stand  at  ordinary  temperature,  the  latter  with  those  kept  at  35° -40^. 

TABLE  XVL 


Mixtures  of  S 

aliv 

a-Formaldehyde 
tested  with  lod 

(ordinary  tempera 
ine  at  the  end  of 

ture)  aud  Starch 

Tube 

Form- 
aldehyde. 

^ 

No. 

4  hours. 

24  hours. 

3  days. 

9  days. 

1. 

1:100 

Colorless   in 

Colorless   iu 

Light  violet  at 

Deep   violet  at 

about   ^j 

about  6  hours. 

the  end  of  20 

the  end  of  24 

hour. 

hours. 

hours. 

2. 

1:2.50 

Colorless  iu 

Colorless  in 

Nearly  eolorless 

Light  wine-red 

about  20  min- 

about ,^4  hour. 

at  the  end  of 

at  the  end  of 

utes. 

10  hours. 

24  hours. 

3. 

1:1000 

Colorless   iu 

Colorless  in 

Colorless  in 

Colorless  in 

less    than 

10 

about  15  min- 

about 4hours. 

about  12 

minutes. 

utes. 

hours. 

C. 

Colorless  in 

Colorless  in 

Colorless  iu 

Colorless  in 

less    than 

10 

less    than    10 

less    than    10 

less    than    10 

minutes. 

minutes. 

minutes. 

minutes. 
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TAIU.K    WII. 

Mixtures  (if  Saliva-Fonnahlfhyde  (kei>t  at  :!r)°-4()°)  and  Sfarcli 
tcsteil  witli  Iodine  at  the  end  of 


Fube 

Foriii- 

No. 

aldeliyde. 

4  hours. 

;.'4   hours 

;i   (lays. 

'.•  days. 

1. 

1:100 

Wine-red  at  the 

Deep   violet 

at 

Deep  blue  at  the 

Deep    blue    at 

end  of  ~»  hours. 

the  end  of 

20 

end  of  20 

the  end  of  24 

Colorless  lat- 

hours. 

liours. 

hours. 

o 

1:250 

er. 
Colorless  iu 

Nearly  color] 

less 

Violet    at    the 

Deep    bhie    at 

about  ;'.,  hour. 

at  the  end 
r20  hours. 

of 

end    of   20 
hours. 

the  end  of  24 

hours. 

3. 

1:1000 

Colorless  iu 

Nearly  eolor] 

less 

Wine-red  at  the 

Deep    violet   at 

less  than    10 

at  tlie  end 

of 

end   of  10 

the  end  of  24 

minutes. 

1  hour. 

hours;   color- 
less   next 
morninir. 

liours. 

C. 

Colorless  Iu 

Colorless  iu 

Colorless    in 

Colorless  in  less 

less  than    10 

less  than 

10 

less    than    10 

than    10  min- 

minutes. 

minutes. 

minutes. 

utes. 

Experiment  XXVI. — A  third  short  series  was  made  in  tlie  following 
manner:  Formaldehyde  was  added  to  each  of  two  portions  of  20  cc.  of 
saliva  in  the  proportions  of  1:100:  one  of  these  mixtures  was  placed  in  a 
corked  test-tube  and  kept  in  the  incubator  for  five  days  at  a  temperature 
varying  from  30° -40°,  while  the  other  was  kept  at  ordinary  room  tem- 
perature. At  the  end  of  five  days  tests  were  made  as  in  the  preceding 
experiments.  The  saliva-formaldehyde  mixture  that  had  stood  at  ordi- 
nary temperature  gave  slow  conversion;  wdien  tested  at  the  end  of  ten 
hours  with  iodine  solution  a  slight  red  color  was  given.  The  other  mix- 
ture gave  no  conversion  at  all:  at  the  end  of  24  hours  a  deep  blue  color 
was  produced  with  iodine.  A  control  test  made  at  the  same  time  with 
some  of  the  same  saliva  gave  conversion  in  less  than  ten  minutes. 

Attempts  were  made  to  remove  the  formaldehyde  from  its  combina- 
tion with  the  ferment  by  means  of  ammonia.  As  in  the  case  of  papain, 
trypsin,  and*  amylopsin,  these  attempts  were  unsuccessful.  Ammonia 
was  added  to  a  portion  of  a  saliva-formaldehyde  mixture  (formaldehyde 
1 :  500)  several  da^^s  old  and  the  tube  was  set  aside  for  three  hours.  The 
free  ammonia  was  then  carefully  neutralized  with  very  dilute  acetic  acid, 
and  the  saliva  was  then  added  to  starch  paote.  A  control  test  was  also 
made  with  the  same  mixture  of  saliva  and  formaldehj'de.  Conversion 
took  place  slowly  in  both,  but  with  the  same  rapidity;  when  tested  with 
iodine  solution  the  same  colors  were  produced  by  both  mixtures. 

That  the  formaldehyde  acts  on  the  ferment  and  not  on  the  starch  is 
proven  by  the  following  test:  Formaldehyde  was  added  to  a  fresh  one 
per  cent  starch  paste  in  the  proportion  of  1:100,  the  tube  corked,  and 
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kept  at  35°-40°  for  five  days.    Saliva  was  then  added,  as  in  the  preceding 
tests.     Complete  conversion  resulted  in  less  than  ten  minutes. 

It  is  evident  from  these  experiments  that  formaldehyde  in  very 
small  amount  exerts  but  very  little  action  on  ptyalin,  unless  the  mix- 
ture is  allowed  to  stand  for  several  days  or  is  kept  at  a  temperature 
slightly  above  ordinaiy  room  temperature  for  a  few  hours.  'V\nien 
present  in  larger  amount  the  action  is  more  marked.  The  ferment  is 
slow-ly  destroyed  at  ordinary  temperature,  though  it  does  not  com- 
pletely lose  its  power  even  when  exposed  to  the  formaldehyde  for 
several  days.  If,  however,  the  formaldehyde-saliva  mixture  is  kept 
at  an  elevated  temperature  the  ferment  is  destroyed  much  more 
rapidly. 

ACTION    OF    FORMALDEHYDE    ON    MALT    DIASTASE. 

A  water  extract  of  gi-ound  malt  was  used,  and  also  malt  itself.  The 
results  were  exactly  the  same  in  both  cases.  In  Experiments  XXVII, 
XXVIII  and  XXIX  starch  paste  made  from  corn  starch  was  used, 
whereas  in  the  remaining  experiments  potato  starch  was  used. 

Experiment  XXVII. — 100  grammes  of  ground  malt  were  added  to 
1000  CO.  of  water  and  the  mixture  allowed  to  stand  for  about  three  hours 
with  occasional  shaking.  It  was  then  filtered  clear,  divided  into  por- 
tions, and  formaldehyde  added  in  the  proportions  of  1:100,  1:250, 
1:1000  and  1:2000;  another  portion  was  reserved  for  control  tests. 
These  solutions  were  then  tested  after  standing  for  tAvo  and  for  eight 
days.  5  cc.  of  each  mixture  w^ere  added  to  25  cc.  of  fresh  one  per  cent 
starch  paste  (corn),  and  the  mixtures  were  kept  at  58°-60°.  From  time 
to  time  small  i3ortions  of  each  mixture  were  tested  with  iodine  solution. 
The  results  are  given  in  Table  XVIII. 

TABLE  XVTII. 

Mixtures  of  Malt  Extract  and  Formaldehj-de  Tested  Mith 
Starch  and  Iodine  after  standing  for 


Tube 

No. 

1. 

Formal- 
dehyde. 
1:100 

3. 

1:2.50 

3. 

1:1000 

4. 

1:3000 

C. 

2  days.  8  days. 

Light  violet  at  the  end  of         Light   violet  at  the  end  of    4 

3  hours.  hours. 

Colorless  in  about  %  hour.         Light  violet  in  30  min.;  color- 
less in  about  %  hour. 
"  "  "  Pink  in  30  min.;  colorless   in 

about  %  hour. 
"  "  "  Pink  in  30  min.;   colorless  in 

about  %  hour. 
Blue  at  the  end  of  3  hours.        Blue  at  the  end  of  4  hours. 


Ill 
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A  dupliintc  sot  of  solutious  made  in  the  same  way  and  at  tlie  same 
time  gave  exactly  the  same  i-esiilts. 

Experiment  XXVIII. — Another  set  of  solutions  was  made  in  the  same 
manner  as  above  and  formaldehyde  was  added  in  the  ])roportions  of 
1:100.  1:.")00  and  1:1000.  These  wore  tested  wiili  two  per  cent  and 
with  one  ]ier  cent  starch  paste  (corn)  after  standing  for  2i  hours.  In 
this  series  1  cc.  of  the  ferment  solution  was  added  to  20  cc.  of  the  starch. 


TABLE   XIX. 

MlXTlKES    OK     MaI.T    ExTKACT    AND    FoUM ALDEHYDE    TESTED     WITH    STA1{(  H     I'asTE 

AND  Iodine,   after  Standing  24  Hoiks. 


Tube 

No. 

1. 


Formal- 
dehyde. 
1:100 

1:500 

1:1000 


'i  per  ceut  starch. 

Deep  violet  at  the  end  of 

4  hours. 
Liirht  violet  at  the  end  of 

4  hours. 
Colorless  in  about  3  hours. 


1  per  cent  starch. 

hiirht  violet  at   the  end   of  3 

hours. 
Colorless  in  1  hour. 


Colorless  in  1  hour. 
Nearly  colorless  in  5  hours.       Liiilit   violet    at   the   end  of  2 


Experiment  XXIX. — Ten  grammes  of  malt  and  100  cc.  of  water  were 
placed  in  each  of  half  a  dozen  flasks,  and  formaldehyde  was  added  in 
the  proportions  of  1:100,  1:250.  1:500.  1:750  and  1:1000;  the  sixth 
mixture  was  reserved  for  control  tests.  These  mixtures  were  tested  at 
the  end  of  3,  9  and  20  days,  using  5  cc.  of  the  clear  solution  and  25  cc. 
of  fresh  one  per  cent  starch  paste.     The  results  are  given  in  Table  XX. 

TABLE   XX. 

Mixtures  of  Malt  Extract  and  Formaldehyde  tested  with 
Starch  and  Iodine  at  the  end  of 


Tube  No. 
1. 


Formaldehyde. 
1:100 


1:2.50 


3  days. 
Bluish    violet    at 

the    end    of    2 

hours. 
Lijjfht  violet  at  the 

end  of  2  hours. 


9  days. 
Bluish    violet    at 

the    end    of    3 

hours. 
Colorless    at    the 

end  of  3  hours. 


1:500 


1:750 


1:1000 


Nearly     colorless  Colorless    at    the 

at    the    end   of  end  of  2  hours. 

2  hours. 

Colorless    at    the  Colorless    at    the 

end  of  2  hours.  end  of  2  hours. 

Colorless    at    the  Colorless    at    the 

end  of  2  hours.  end  of  2  hours. 

Deep  blue  at  the  Deep  blue  at  the 

end  of  2  hours.  end  of  2  hours. 


20  days. 


All  the  same  as 
when  tested  on 
the  9th  day. 


Experiment  XXX. — An  extract  of  malt  diastase  was  prepared  as  de- 
scribed in  Experiment  XXTII.     Formaldehyde   was  added  to  portions 
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of  this  in  the  proportions  of  1:100,  1:250,  1:500  and  1:1000;  another 
portion  was  reserved  for  control  tests.  The  mixtures  were  allowed  to 
stand  at  ordinary  temperature  for  21  hours.  5  cc.  of  each  were  then 
added  to  25  cc.  of  a  freshly  prepared  one  per  cent  starch  paste  made 
from  potato  starch  and  the  tubes  were  kept  at  60°.  When  tested  with 
iodine  solution  at  the  end  of  fifteen  minutes,  all  showed  complete  con- 
version. These  results  did  not  seem  to  agree  with  those  previously  ob- 
tained. It  was  found,  however,  that  formaldehyde  in  rather  strong 
concentration  Avill  destroy  malt  diastase  when  allowed  to  act  on  the 
latter  for  a  few  hours  at  60°.  This,  taken  in  conjunction  with  the  fact 
that  corn  starch  is  not  so  easily  digested  as  potato  starch,  will  explain 
the  apparent  differences  in  the  results. 

On  the  following  day  the  above  tests  were  repeated,  and  at  the  same 
time  another  series  was  made  with  portions  of  the  same  mixtures  of 
extract  and  formaldehyde  which  had  been  heated  to  60°  for  ioxw  hours. 
The  results  are  given  in  Tables  XXI  and  XXII. 

TABLE   XXI. 

MiXTiRES  OF  Malt  Extract  and  Formaldehyde  Two  Days  at  Ordinary 
Temperature),  Tested  with  Starch  and  Iodine. 

Tube  No.  Formaldehyde.  Results. 

1.  1:100  Colorless  in  about  20  minutes. 

2.  1:2.50  Colorless  in  less  than  Ih  minutes. 

3.  1:500 

4.  1:1000 

C.  Deep  red  at  the  end  of  2  hours. 

TABLE   XXIL 

Mixtures  of  Malt  Ext-ract  and  Formaldehyde  (Kept  at  60°  for  Four 
Hours),  Tested  with  Starch  and  Iodine. 

Tube  No.  Formaldehyde.  Results. 

1.  1:100  Deep  violet  at  the  end  of  5  hours. 

2.  1:250  Liirht  violet  at  the  end  of  5  hours. 

3.  1:500  Nearly  colorless  at  the  end  of  2  hours. 

4.  1:1000  Colorless  in  about  15  minutes. 
C.                                    Violet  at  the  end  of  5  hours. 

It  would  seem  from  these  results  that,  as  already  pointed  out  by 
Weigle  and  Merkel,  the  action  of  malt  diastase  is  aided  by  the  presence 
of  formaldehyde.  This,  however,  is  due  to  the  inhibition  of  bacterial 
gro%vth  by  the  foiTD aldehyde.  A  glance  at  the  tables  shows  that  a 
solution  of  the  ferment  in  w^ater  soon  undergoes  decomposition;  after 
such  a  solution  has  stood  for  two  or  three  days  it  is  able  to  convert  little 
if  any  of  the  starch.     If  formaldehyde  is  present  in  the  proportion  of 
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1:500  or  1 :  1000,  llic  fennciit  doi's  not  decoin[>(>sc';  oii  the  other  liaiul, 
it  does  not  seem  to  be  alTected  bv  the  formaldehyde,  for  it  is  as  active 
at  the  end  of  three  weeks  as  when  fresh. 

CONCLUSIONS. 

The  following  general  conchisions  may  be  drawn  from  the  j (reced- 
ing work: 

Fibrin  is  altered  by  formaldehyde  and  is  then  less  easily  digested  by 
pepsin  and  by  trypsin.  Papain  is  apparently  nnable  to  digest  fibrin 
even  when  this  is  exposed  to  very  weak  formaldehyde  (1:1000)  for  a 
very  short  time. 

The  casein  of  milk,  on  contact  with  formaldehyde,  nndergoes  rapid 
alteration  and  is  as  a  result  not  coagulated  by  rennet,  or  but  very 
slowly.  Such  altered  casein,  like  similar  fibrin,  is  not  readily  digested 
by  the  proteolytic  ferments.  The  longer  the  formaldehyde  acts  on 
casein  and  on  fibrin  the  more  marked  is  the  result. 

Pepsin  is  not  affected  by  a  one  per  cent  solution  of  fomialdehyde, 
even  when  the  mixture  has  stood  for  four  weeks.  Even  a  five  per 
cent  solution  of  formaldehyde  acting  for  three  weeks  has  no  effect 
on  pepsin.  Contraiy  results  obtained  by  others  are  due  to  an  altera- 
tion of  the  fibrin  by  the  formaldehyde.  A  putrid  solution  of  pepsin 
in  distilled  water  one  month  old  digests  fibrin  as  readily  as  a  fresh 
solution. 

Rennet  is  not  affected  even  by  a  four  per  cent  solution  of  foraialde- 
hyde  acting  for  several  weeks.  The  absence  of  coagulation  at  times 
is  due  to  the  action  of  formaldehyde  on  the  casein  of  the  milk  and  not 
on  the  rennet  ferment. 

Papain  is  very  quickly  altered  by  formaldehyde,  even  in  very  dilute 
solution.  Moreover,  it  is  unable  to  digest  fibrin  that  has  been  ex- 
posed to  the  action  of  a  veiy  dilute  solution  of  formaldehyde  for  a 
short  time. 

Trypsin  is  altered  by  formaldehyde  to  such  an  extent  that  digestion 
of  fibrin  will  not  take  place,  or  but  very  slowly.  The  extent  to  which 
trypsin  is  affected  by  formaldehyde  depends  largely  upon  the  amount 
of  organic  matter  present,  as  well  as  on  the  amount  of  ferment  in  the 
solution. 
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Amylopsin  is  not  destroyed  by  very  dilute  solutions  of  formalde- 
hyde, but  stronger  solutions  decrease  tlie  activity  of  the  ferment,  and 
if  used  in  sufficient  concentration  will  destroy  it  completely. 

Ptyalin,  like  the  diastatic  femient  of  the  pancreas,  is  not  destroyed 
by  dilute  solutions  of  formaldehyde.  If  the  latter  is  used  in  rather 
strong  concentration  and  allowed  to  act  for  some  time  it  will  destroy 
the  feiTnent.  The  action  of  formaldehyde  is  more  rapid  and  more 
marked  at  a  slightly  elevated  temperature  than  at  ordinary  room  tem- 
perature. 

Malt  diastase,  unlike  the  diastatic  ferments  of  the  saliva  and  pan- 
creatic solution,  is  not  destroyed  by  formaldehyde  when  this  is  used  in 
moderate  amount  and  at  ordinary  temperature.  Unlike  pepsin,  a 
solution  of  malt  diastase  readily  undergoes  decomposition  on  standing 
even  for  one  or  more  days.  This  destruction  is  undoubtedly  due  to 
bacteria  since  it  does  not  take  place  when  formaldehyde  is  present. 
Consequently  the  favoring  action  which  formaldehyde  apparently 
exerts  on  diastase  really  consists  in  the  inhibition  of  the  growth  of 
micro-organisms,  and  hence  the  diastase  is  protected  against  decom- 
position. 


A  SECOND  CASE  OF  GOXORRHCEAL  SEPTICEMIA  AND 
ULCERATIVE  ENDOCARDITIS  WITH  OBSERVA- 
TIONS UPON  THE  CARDIAC  COMPLI- 
CATIONS OF  GONORRHCEA.- 

By  WILLIAM  SYDNEY  THAYER,  M.  D.,  AXD  JESSE  WILLIAM 
LAZEAE.  M.  D. 

Plate  I. 

Cardiac  complications  of  gonorrhoea  with  or  without  coincident  or 
preceding  arthritis,  while  not  of  frequent  occuiTence,  are  by  no  means 
so  rare  as  has,  even  within  recent  years,  been  supposed.  The  litera- 
ture shows  over  a  hundred  cases  in  which  a  diagnosis  of  gonor- 
rhoeal  endo-,  peri-  or  myo-carditis  has  been  made,  and  during  the  last 
several  years  considerable  attention  has  been  attracted  to  the  subject 
by  the  accumulation  of  evidence  demonstrating  the  fact  that  many  of 
these  complications  are  due  to  actual  local  infections  with  the  gono- 
coccus. 

It  was  the  good  fortune  of  Blumer  and  one  of  the  writers  to 
observe  a  case  of  gonorrhoeal  ulcerative  endocarditis  in  1895  and  to 
succeed  for  the  first  time  in  obtaining  the  gonococcus  in  pure  culture 
during  life  from  the  circulating  blood;  moreover  organisms  showing 
all  the  characteristics  of  gonococci  were  demonstrated  in  the  lesions 
upon  the  affected  valves,  thus  furnishing  definite  proof  of  the  pos- 
sibility of  the  existence  of  a  true  gonorrhoeal  septicsemia  and  endo- 
carditis. 

This  case,  which  has  already  been  reported, f  it  may  be  well  to 
summarize : 

The  patient,  a  woman  34  years  of  age,  entered  the  Johns  Hopkins 
Hospital,  April  25,  1895.     Her  famil}-  and  personal  history  were  nega- 

*  This  case  was  reported  at  the  Twelfth  International  Medical  Congress 
at  Moscow  in  August,  1897. 

j  Arch,  denied,  exper.  et  d'anat.  pathol.,  1S95,  vii,  701;  also,  The  Johns  Hopkins 
Hospital  Bulletin,  1896,  vii,  57. 
6 


82         Gonori-Jioeal  Septicaemia  and  Ulcerative  Endocarditis 

tive.  excepting  that  for  three  months  she  had  had  rheumatism  olf  and 
on  in  various  of  her  joints.  From  the  beginning  of  her  rheumatism  she 
had  comphiined  of  ^yeakness  and  dyspnoea  on  exertion.  A  few  days 
before  her  entry  into  the  hospital  she  liad  a  severe  cliill  and  took  to 
bed.  On  entrance  there  were  well-marked  signs  of  mitral  stenosis. 
During  the  period  of  her  sojourn  in  the  hospital  there  was  irregular  fever 
associated  with  severe  chills.  The  blood  showed  throughout  a  well- 
marked  leucocytosis;  the  urine  contained  a  trace  of  albumin  and  the 
sediment  contained  occasional  casts.  The  patient  grew  rapidly  feeble 
and  died  May  16. 

The  diagnosis  of  ulcerative  endocarditis  having  been  made  during  life, 
cultures  were  taken  from  the  blood  on  several  occasions.  These  cultures 
were  made  by  Dr.  Blumer  according  to  the  method  of  Sittman.  The 
blood,  taken  from  the  median  basilic  vein  by  a  sterilized  syringe,  was 
mixed  with  melted  agar  which  was  immediately  plated.  Large  quan- 
tities of  blood  Avere  used,  so  that  the  medium  contained  at  least  one- 
third  blood.  The  first  culture,  taken  May  4,  was  negative,  biit  in  the 
cultures  of  May  7  and  12  the  plates  showed  very  minute  white  colonies 
representing  a  pure  culture  of  small  biscuit-shaped  diplococei  which 
failed  to  grow  on.  transmission  to  agar-agar,  gelatine,  potato,  bouillon  or 
litmus-milk.  These  organisms  were  decolorized  entirely  by  Gram's 
method. 

The  autopsy  confirmed  the  diagnosis  made  during  life,  revealing  an 
extensive  ulcerative  and  vegetative  endocarditis  of  the  mitral  valve. 
In  the  thrombi  upon  the  valve  were  found  large  numbers  of  diplococei 
luiving  all  the  morphological  and  tinctorial  characteristics  of  gonococci. 
At  the  time  of  autopsy  there  were  unfortunately  no  media  at  hand 
suitable  for  the  cultivation  of  gonococci.  and  imjilantations.  made  upon 
agar-agar  and  ox's  blood  serum,  from  the  heart's  blood,  valves,  liver, 
spleen,  lungs  and  kidne5^s,  were  entirely  without  result;  it  should  be 
stated  that  in  these  post-mortem  cultures  but  a  small  quantity  of  the 
heart's  blood  was  mixed  with  the  agar.  Inoculation  of  a  mouse  with  a 
piece  of  thrombus  from  the  valves  was  without  result. 

The  characteristic  appearance  and  disposition  of  the  cocci,  their 
decolorization  according  to  the  method  of  Gram,  their  failure  to 
develop  upon  ordinary  media,  and  finally  their  growth  on  two  occa- 
sions during  life  upon  a  medium  practically  the  same  as  that  recom- 
mended by  Wertheim,  leaves,  it  seems  to  us,  little  doubt  that  this 
was  a  tme  gonococcal  infection.  Similar  oroani-ims  were  found  after 
death  in  the  vagina  and  iiterns. 
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("crtaiii  reviewers  li:i\c  lu'cii  iiieliiied  tn  (hmUt  the  eniiiiilete  relia- 
liility  of  tliis  observation.  Thus.  Fraeiikel*  asserts  that  ''  l)eeanse 
during-  life  a  conorrha'al  aft'oetioii  was  not  disoovcnd  in  the  patient 
despite  eareful  search,  and  cultures  of  the  obsen-ed  niicro()r<ianisni 
were  not  made  on  luinian  blood  seriun  or  AVertheini's  serum  agar, 
the  observation  canudt  be  considered  as  entirely  free  from  ci-itieisni.'' 
AVe  confess  that  we  cannot  see  the  justice  of  Fraenkel's  observations. 
Ir  is  well  known  to  gynrecologists  that  gonorrhceal  affections  often  exist 
in  women  without  being  recognized  by  the  ordinary  methods  of  exam- 
ination. As  was  stated  in  the  previous  communication,  we  had  not 
thought  during  the  life  of  the  patient  of  the  possibility  of  the  case  be- 
ing one  of  gonondiceal  infection,  and  tlie  vaginal  secretion  was  not  ex- 
amined. But  after  death  characteristic  gonococci,  answering  to  all  tinc- 
torial and  morphological  characteristics,  were  found  both  in  the 
vagina  and  the  utenis.  Moreover,  the  medium  upon  which  the  suc- 
cessful cultures  were  twice  obtained,  during  life^  the  mixture  of  blo<jd 
fresh  from  the  veins  with  melted  agar — was  essentially  similar  to  the 
human  blood-serum  agar  of  AVertheim.  Upon  this  medium  the 
organism  grew;  upon  all  ordinary  media  it  failed  to  reappear. 

Shortly  after  the  publication  of  the  foregoing  case  we  obsen-ed 
a  second  instance  of  endocarditis  and  septicaemia  of  undoubtedly  gon- 
orrhceal nature. 

J.  K..  aged  19,  a  day  laborer,  immarried.  a  native  of  Germany,  was 
admitted  to  the  Johns  Hopkins  Hospital  on  February  .j.  1896.  com- 
plaining of  fever  and  weakness. 

Family  history. — Father  died  with  dropsy;  mother,  one  brotlier  and 
two  sisters  living  and  well;  several  brothers  and  sisters  died  in  infancy. 

Personal  history.— There  is  no  history  of  the  ordinary  diseases  of 
childhood.  He  has  never  had  any  severe  infectious  diseases;  is  sure 
that  he  has  never  had  rheumatism  or  scarlet  fever,  stating  that  he  has 
always  been  a  healthy  man.     He  drinks  beer  in  moderation. 

Present  illness. — The  patient  contracted  gonorriuxa  for  the  first  time 
six  months  ago.  Several  weeks  after  the  onset  he  began  to  suffer  from 
chilly  sensations,  fever  and  general  weakness.  Toward  the  end  of 
November  he  began  to  have  violent  chills,  occurring  usually  in  the 
morning   hours:   these   were   followed   by   fever  and   profuse  sweating. 

*  Hi/(iirnisclir  RiiiidscJiaii.  1896,  vi,  254. 
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Under  treatment  the  shaking  chills  disappeared,  but  the  fever  continued, 
becoming,  however,  more  irregular.  He  has  grown  progressively  weak 
and  pale,  and  for  two  weeks  before  entry  there  has  been  oedema  of  the 
feet  and  ankles. 

Physical  examination. — The  patient  is  very  dull  and  drowsy.  He  is 
a  large  well-nourished  man;  lips,  mucous  membranes  and  skin  extremely 
pale;  pulse  large,  but  of  low  tension,  108;  respiration  30;  T°,  103.4°. 
Lungs,  clear  throughout.  Heart:  Point  of  maximum  impulse  in  the 
4th  space  just  inside  the  mamillary  line.  Eelative  dulness  begins  in 
the  3d  interspace  and  is  not  increased  to  the  right.  Absolute  cardiac 
dulness  is  obliterated  by  pulmonary  resonance.  On  auscultation  the 
first  sound  at  the  apex  is  booming  and  prolonged;  there  is  no  actual 
murmur.  Passing  toward  the  base  a  soft  systolic  murmur  becomes 
audible;  most  marked  in  the  pulmonic  area.  The  second  pxdmonie  sound 
is  a  little  sharper  than  the  second  aortic.  Liver:  hepatic  flatness  begins 
at  the  7th  rib  in  the  mamillary  line,  the  lower  border  being  palpable, 
6.75  cm.  below  the  costal  margin.  Spleen  is  greatly  enlarged,  flatness 
above  beginning  at  the  7th  rib,  while  the  lower  border  is  palpable  9.5 
cm.  below  the  costal  margin.  Abdomen:  full,  bulging  a  little  in  the 
flanks,  tympanitic  in  the  elevated,  flat  in  the  dependent  parts;  well- 
marked  movable  flatness.  The  left  knee-joint  contains  an  excess  of 
fluid,  being  distinctly  swollen  and  fluctuating.  No  redness  or  tender- 
ness. No  tenderness  or  irregularities  on  any  of  the  long  bones.  ]\Iod- 
erate  enlargement  of  the  inguinal  glands.  Slight  oedema  of  the  feet 
and  ankles.  There  is  a  thick,  purulent  iirethral  discharge  showing  char- 
acteristic gonococci.  The  blood  contains  no  malarial  parasites  or  pig- 
ment. There  is  a  moderate  poikilocytosis.  Eed  blood  corpuscles, 
2,292,000;  colorless  corpuscles,  9,000. 

Urine:  reddish  amber;  acid;  1015;  no  sugar;  albumin,  0.1  per  cent. 
Sediment:  considerable;  whitish;  microscopically,  numerous  pus  cells, 
usually  separate,  not  in  clumps;  red  blood  corpuscles;  small  round  cells 
about  the  size  of  leucocytes  with  single  nuclei;  numerous  hyaline  and 
granular  casts  with  adherent  pus  and  degenerated  epithelial  cells;  epith- 
elial casts;  pus  casts. 

The  patient  remained  in  the  hospital  but  nine  days,  during  which  time 
the  temperature  ranged  between  99.6°  and  103.3°.  The  urine  was 
somewhat  reduced  in  quantity,  averaging  a  little  under  1000  cc.  in  the 
24  hours.  The  specific  gravity  ranged  between  1013  and  1015,  while 
the  amount  of  albumin  and  the  character  of  the  sediment  continued 
about  as  noted  above. 
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ll/ii/96.  Ea-amination  of  the  hlood:  Red  blood  corpnscles,  2,283,000; 
colorless  coi-puscles,  14,250;  hfcmoglobin.  45  per  cent.  Dried  specimens 
pre])ared  according  to  Ehrlich's  method  showed  slight  variations  in  the 
size  of  the  corpuscles,  moderate  poikilocytosis;  a  few  nucleated  red  cor- 
pnscles, no  malarial  parasites.  Differential  count  of  lencocvtcs:  small 
mononuclear  leucocytes,  4.8  per  cent;  large  mononuclear  and  transi- 
tional leucocytes,  2.6  per  cent;  polymorphonuclear  neutrophilic  leuco- 
cytes, 92.6  per  cent;  eosinophilic  leucocytes,  none. 

The  direct  sequence  of  the  sym]itoms  upon  the  gonorrhoea  sug- 
gested to  us  the  possibility  that  we  might  be  dealing  with  a  gonoiThoeal 
pyelo-nephritis  and  possibly  with  a  general  septicaemia,  and  cultures 
were  taken  on  two  occasions  bv  Dr.  Lazear  from  the  circulatinof  blood 
by  the  same  method  adopted  in  the  previous  case.  These  cultures  were 
without  result  in  both  instances. 

The  patient  was  kept  in  bed.  placed  upon  a  milk  diet,  diuretics  and 
iron.  On  February  14  he  left  the  hospital,  objecting  to  the  strict 
regime. 

March  9  the  patient  re-entered  the  hospital,  having  grown  steadily 
worse. 

lO/iii/96.  Physical  examination. — The  patient  was  extremely  sallow, 
pale;  tongue  dry  and  fissured;  pulse  108;  moderate  oedema  of  the  de- 
pendent parts;  slight  pntfiness  of  the  face.  The  point  of  maximum 
cardiac  impulse  had  moved  outward  and  downward  to  a  point  in  the  5th 
space  slightly  outside  of  the  mamillary  line,  Avhile  a  soft  systolic  murmur, 
which  was  not  present  on  the  former  admission,  was  now  to  be  heard  all 
over  the  cardiac  area,  loudest  at  the  apex.  The  second  sounds  at  the 
base  of  the  heart  were  not  loud,  but  were  of  normal  relative  intensity; 
no  accentuation  of  the  second  pulmonic  sound. 

The  urethral  discharge  had  almost  disappeared. 

The  anaemia  had  increased,  the  tlood  count  showing  on  10/iii/''96: 
red  blood  corpuscles,  1,920,000;  colorless  corpuscles,  8500;  ha?moglobin, 
18  per  cent. 

The  iirine  of  the  same  date  was  of  a  pale  but  distinctly  smoky  color; 
acid;  sugar  absent;  albumin  0.4  per  cent.  Sediment,  abundant;  micro- 
scopically, many  pus  cells  scattered  throughout  the  field,  not  arranged 
in  clumps;  many  small  round  cells  aboitt  the  size  of  leucocytes  with 
single  nuclei;  man}"  red  blood  corpuscles,  some  "shadows,"  others 
crenated,  '  others  fairly  well  ji^reserved.  Xumerous  fatty  degenerated 
epithelial  cells,  somewhat  larger  than  pus  cells:  some  small  agglomera- 
tions of  free  yellow  fat  drops;  occasional  compound  granular  cells;  casts 
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exTremely  abundant;  liyaline,  finely  and  coarsely  grannlar  with  adlierent 
pns  and  red  blood  cells;  occasional  fatty  casts  and  blood  casts;  many 
ei^ithelial  and  pns  casts;  occasional  extremely  large,  slightly  yellowish, 
typically  refractive,  waxy  casts  with  broken  ends;  diazo-reaction  absent. 

The  patient  grew  rapidly  worse;  the  ansemia  increased,  the  hlood  on 
the  day  of  death  showing:  red  blood  corpnscles,  1,896,000;  colorless 
corpuscles,  18,000;  haemoglobin,  18  per  cent. 

The  urine,  averaging  little  over  600  cc.  for  the  24  hours,  was  almost 
suppressed  during  several  days  before  death.  The  albumin  increased 
up  to  nearly  0.5  per  cent,  while  the  number  of  fatty,  blood,  waxy,  epith- 
elial and  pus  casts  increased.  On  March  23  the  paient  became  ex- 
tremely dull  and  drowsy. 

23/iii/96.  (Professor  Osier.)  "  For  the  past  few  days  the  tempera- 
ture has  been  lower,  not  above  100°  since  the  19th;  no  change  in  the 
general  condition.  Pulse  about  100;  drops  a  beat  occasionally;  of  low 
tension. 

Heart:  apex  beat  is  diffuse  during  expiration;  well  seen  in  the  5th 
space  and  a  little  outside  the  nipple  line.  Cardiac  impulse  is  visible  in 
the  4th  space  inside  the  nipple.  A  diastolic  shock  can  be  felt  at  the 
apex;  both  sounds  are  audible;  no  murmur.  Over  the  entire  praecordium 
there  is  a  to-and-fro  superficial  pericardial  friction  murmur,  the  maxi- 
mum of  Avhich  is  at  the  5th  left  cartilage:  it  is  well  heard  at  the  ensi- 
form  cartilage;  not  heard  above  the  level  of  the  3d  rib;  no  especial 
accentuation  of  the  pulmonic  second  sound." 

On  the  24th  the  patient  developed  a  well-marked  petechial  eruption. 

25/iii/96.  (Dr.  Thayer.)  "  The  patient  is  lying  on  his  right  side; 
very  drowsy  and  dull.  Respirations  15  to  the  minute,  rather  deep  and 
noisy;  pulse  21  to  the  quarter;  of  low  tension.  Face  puify;  pupils  not 
contracted;  general,  anasarca. 

Heart:  diffuse  heaving  over  the  4th  and  5th  interspaces  just  inside 
the  nipple;  the  point  of  maximum  cardiac  impulse  is  not  to  be  sharply 
differentiated;  flatness  does  not  pass  the  left  sternal  margin;  begins  at 
about  the  4th  space.  At  the  apex  the  first  sound  is  reduplicated  and 
followed  by  a  soft  systolic  murmur,  while  in  connection  with  this  there 
is  a  soft  superficial  to-and-fro  rub.  Over  the  body  of  the  heart  the 
sounds  are  considerably  masked  by  this  friction  rub.  The  second  pul- 
monic sound  is,  however,  not  accentuated.  On  the  trunk  and  arms  and 
occasionally  on  the  legs  are  numerous  small  ]ietechial  spots,  the  largest 
scarcely  larger  than  the  head  of  a  pin." 

On  March  21  the  patient  began  to  suffer  from  diarrluwi.the  movements 
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bec()inin,i>-  ii;ra(liia]]y  more  fn'<iiient  and  fluid.  During  the  arteruuon  of 
the  '-^otli  the  respiration  l)eeaine  more  stertorous;  the  patient  lapsed  into 
a  condition  of  eoniplete  conia  and  died  at  6.30  P.  M. 

Jidrlrrioloj/icdl  cnnniiiii/iiiii  iluriiig  life. — March  23,  1896,  cultures  were 
made  by  Dr.  Lazear  in  the  loUowing  manner:  2  cc.  of  blood  were  drawn 
from  the  median  basilii-  vein  b}'  a  hypodermic  syringe  previously  ster- 
ilized by  boiling.  Tlie  skin  was,  as  far  as  possible,  sterilized  and 
every  antiseptic  precaution  was  used.  The  l)lood  was  mixed  with  4  ec. 
of  melted  nutrient  agar  and  the  mixture  ])oured  into  a  Petri  dish 
and  allowed  to  harden.  It  was  kept  in  a  thermostat  at  35°  C.  At  the 
end  of  24  hours  no  growth  was  visible.  At  the  end  of  48  hours  there 
began  to  appear  colonies  half  the  size  of  a  pin  head,  granular  in  appear- 
ance with  somewhat  irregular  borders.  These  colonies  were  made  up  of 
cocci  arranged  usually  in  pairs.  The  cocci  were  of  biscuit  or  kidney 
shape,  their  flattened  sides  being  adjacent.  They  stained  well  with  the 
ordinary  basic  djTs  and  decolorized  by  Gram's  method.  Transplanted 
upon  human  blood-serum  agar  by  a  smear  u]jon  the  surface  there  devel- 
oped a  fair  number  of  colonies  similar  to  the  above,  consisting  of  diplo- 
cocci  having  the  same  morphology  and  tinctorial  characteristics.  Trans- 
planted to  ordinary  agar  there  was  a  growth  of  a  few  fine  colonies  of 
the  same  diplococci.  On  gelatine,  ox's  blood  serum  and  bouillon  there 
was  no  growth.  At  the  end  of  ten  days  the  organisms  had  all  died  out 
upon  the  original  plates. 

On  March  24  and  25,  plate  cultures  were  made  by  the  same  method, 
and  on  each  occasion  there  was  an  abundant  growth,  in  pure  culture, 
of  diplococci  identical  with  those  obtained  upon  the  first  plates,  behaving 
in  the  same  manner  with  regard  to  stains  and  in  their  growth  upon  the 
various  culture  media. 

On  the  basis  of  these  positive  cultural  experiments  and  the  clinical 
history  'of  the  case,  the  patient  was  brought  before  the  class  on  ]\Iarch 
25  as  an  instance  of  general  gonococcal  septicemia  with  endo-  and  peri- 
carditis. 

Autopsy,  March  25,  by  Professor  FlexncT. 

Anatomical  diagnosis. — Gonococcal  septicaemia;  subacute  gonorrhcea; 
subacute  ulcerative  and  vegetative,  tricuspid  endocarditis  caused  by  the 
gonococcus;  subacute  splenic  tumor;  chronic  passive  congestion  of  the 
liver;  subacute  haemorrhagic  and  glomerular  nephritis;  acute  sero-puru- 
lent  pleurisy  and  pericarditis  due  to  the  gonococcus;  pulmonary  infarct. 

The  following  is  a  summary  of  the  pathological  record: 

On  opening  the  abdomen  nothing  remarkable  was  to  be  made  out 
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except  the  much  enlarged  spleen^  adherent  in  its  upper  part  to  the 
diaphragm. 

Pleurae  and  lungs. — The  right  pleural  cavity  is  free  from  adhesions 
and  contains  about  800  cc.  of  slighth'  tnrhid.  yellowish  fluid  with  large 
flakes  of  fibrin.  On  the  pulmonary  jDleura  there  are  small  flakes  of 
fibrin  and  beneath  this  are  many  punctiform  ecchymoses.  The  left  lung 
is  bound  down  along  its  posterior  border  by  firm  adhesions.  In  the  left 
pleural  cavity  are  550  cc.  of  fluid  containing  somewhat  less  fibrin  than  on 
the  other  side.  There  are  less  fibrin  and  fewer  ecchymoses  on  the  vis- 
ceral pleura  than  on  the  right  side. 

In  the  middle  of  the  left  lower  lobe  at  its  inferior  border  there  is  a 
circumscribed,  triangular  area  of  infarction  l^xl-|  cm.  in  extent;  opaque, 
firm,  of  a  brownish-yellow  color.  The  surrounding  tissue  is  congested. 
On  section  both  lungs  are  of  a  light  salmon-red  color  and  oedematous. 
The  bronchi  are  congested.  The  pulmonary  arteries  are  free  and  prac- 
tically normal  in  appearance.  The  anterior  edges  of  the  lungs  are  em- 
physematous. 

Pericardium  and  heart. — The  pericardial  cavity  contains  about  300 
cc.  of  turbid  yellow  fluid  with  fibrinous  flakes.'  In  the  dependent  por- 
tions the  fluid  is  thick  and  puriform.  The  surface  of  the  peri-  and 
epicardium  is  congested,  ecchj'mosed;  and  covered  by  a  granular  deposit. 
The  weight  of  the  heart  and  pericardium  is  680  grammes. 

The  right  ventricle  and  auricle  are  dilated  and  contain  fluid  blood  and 
partly  decolorized  clots.  The  endocardium  of  the  right  auricle  is  deli- 
cate, although  near  the  obliterated  foramen  ovale  beneath  the  endo- 
cardium are  two  or  three  slightly  elevated  minute  opaque  points. 

The  tricuspid  valve  is  the  seat  of  an  extensive  thrombus,  occupying 
the  entire  middle  segment,  with  the  exception  of  its  base,  and  to  a  less 
extent  the  two  remaining  segments  (see  Plate  I).  The  thrombus 
attached  to  the  middle  segment  is  firmly  united  to  the  valve  at  a  dis- 
tance of  5  mm.  from  its  attachment  to  the  auriculo-ventricular  ring  and 
projects  into  the  cavity  of  the  ventricle.  At  the  site  of  attachment  of 
the  thrombus  the  substance  of  the  valve  is  destroyed.  The  thrombus 
presents  an  irregularly  convoluted  appearance,  and  for  description  may 
be  divided  into  three  distinct  portions:  The  central  portion,  which  is 
largest,  measuring  4.5x2  cm.  x4.5  mm.  in  thickness,  has  in  general  a 
conical  shape  with  its  base  at  the  valve  and  its  apex  projecting  into  the 
ventricle.  To  the  left  of  this  is  a  second  mass  18x22  mm.  in  extent, 
almost  quadrangular  in  form  but  irregular  in  contour.  The  remaining 
mass  to  the  risrht  is  about  one-half  the  size  of  the  last.     This  thrombus 
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mass  is  attached  at  certain  points  to  the  endocai-dium  of  the  right  ven- 
tricle. Fully  one-half  of  the  chordae  tendineae  of  tho  tJeffment  of  the 
valve  are  ru{)tiired  and  their  free  ends  are  covered  with  grape-like 
clnstors  of  thrombi.  Small  miliary  vegetations  are  on  the  papillary 
muscle  to  whicli  these  are  attached  and  on  a  moderator  Ijand  which 
extends  from  the  papillary  muscle  to  the  mid-portion  of  the  left  seg- 
ment of  the  valve.  The  anterior  surface  of  the  right  segment  of  the 
valve  is  the  seat  of  two  thrombus  masses  projecting  into  the  auricle; 
they  average  about  12x10  and  12x6  mm.  The  pulmonary  artery  and 
valves  are  normal  in  appearance. 

The  aortic  and  mitral  valves  and  the  endocardium  of  the  left  ventricle 
are  entirely  normal.  In  the  lymphatics  along  the  course  of  the  vessels 
in  the  epicardium  on  tlie  right  side  there  are  minute  discoid  nodules 
similar  to  those  described  in  the  endocardium  of  the  auricle. 

The  tricuspid  orifice  measures  16  cm.;  length  of  the  right  ventricle 
12.5  cm.:  thickness  5-T  mm.  The  mitral  valve  measures  12  cm.;  length 
of  the  left  ventricle  8  cm.;  thickness  15  mm.  The  cardiac  muscle  is 
pale  and  fairly  firm. 

The  spleen  weighs  840  grammes;  dimensions,  21x13x6  cm.;  capsule 
wi'inkled:  on  section  the  Malpighian  bodies  very  prominent,  the  trabe- 
culfe  visible:  the  pulp  of  an  opaque  gTa3'ish-red  color,  the  consistence 
moderately  firm. 

The  liver  weighs  2450  grammes,  and  is  the  seat  of  fairly  well-marked 
chronic  passive  congestion. 

Kidneys. — The  kidneys  weigh  together  670  grammes.  Dimensions: 
right,  14x9.5x4:  left  15x8x4.  They  are  swollen,  the  capsule  adherent  in 
places;  the  surface  mottled,  of  an  opaque,  grayish  color  with  many 
punctiform  haemorrhages.  The  cut  surface  appears  swollen  and  oedema- 
tous.  The  striae  are  obscure;  the  glomeruli  visible,  but  pale.  Numerous 
elongated  hemorrhages— 9  to  10  mm.  long — are  visible  in  the  cortex. 
The  pyramids  are  hjrperaemic;  the  vessels  of  the  mucous  membrane  of 
the  pelvis  are  also  somewhat  congested  and  a  few  small  haemorrhages  are 
visible. 

The  ureters  are  not  enlarged:  their  mucous  membrane  shows  the  same 
condition  as  that  of  the  renal  pelvis. 

Bladder. — The  vesical  mucous  membrane  is  pale,  with  the  exception 
of  the  trigonum,  where  it  is  moderately  congested.  About  the  orifices 
of  the  ureters  there  are  a  few  small  haemorrhages.  The  neck  of  the 
bladder  and  the  prostatic  portion  of  the  urethra  are  somewhat  hy- 
peraemic. 
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G'asiro-iutcstinal  tract. — The  stomach  and  intestines  show  nothing 
noteworthy. 

Pancreas. — A  number  of  small  opaque  areas  of  fat  necrosis  are  to  be 
made  out  in  the  fatty  capsule  of  the  pancreas.  Teased  preparations  show 
in  the  necrotic  areas  groups  of  fat  cells  containing  finely  granular  bodies. 
Treated  under  the  microscope  with  concentrated  sulphuric  acid,  gas 
bubbles  may  be  seen  to  arise  and  soon  fine  crystals  of  calcium  sulphate 
appear. 

Bacteriologiccd  examination. — Cover-slips  from  the  pleural  and  peri- 
cardial exudates  and  from  the  vegetations  upon  the  heart  valves  showed 
large  numbers  of  cocci  in  pairs.  They  were  excessively  numerous  upon 
the  surface  of  the  tricuspid  valve.  These  cocci  were  in  almost  all  in- 
stances included  within  polymorphonuclear  leucocytes  which  were  numer- 
ous. The  form  of  the  cocci  was,  as  a  rule,  typically  biscuit-shaped,  and 
at  times,  though  rarely,  two  pairs  lay  side  by  side,  suggesting  a  tetrad 
arrangement.  The  cocci  stain  readily  in  the  usual  aniline  dyes,  but  are 
quickly  and  uniformly  decolorized  by  Grram's  method. 

A  cover-glass  specimen  from  the  spleen  showed  one  pair  of  cocci; 
others  were  not  found.  Cover-slips  from  the  kidney,  renal  pelvis  and 
urinary  bladder  were  negative. 

In  the  urethra,  among  a  variety  of  bacilli,  definite  intracellular 
biscuit-shaped  diplococci  which  decolorize  by  Gram  were  found. 

Ctdtures. — Cultures  were  made  at  the  autopsy  from  the  various  local 
exudates,  the  heart's  blood  and  the  organs  as  follows: 

(a)  Upon  Loeffier's  blood  serum,  prepared;  (1)  from  human  blood; 
(2)  from  bullock's  blood;  (3)  from  dog's  blood. 

(7*)  Upon  agar-agar.  Only  a  few  tuljes  of  the  human  serum  were  on 
hand  and  these  were  used  for  the  local  exudates  and  blood.  Upon  those 
from  the  pericardium,  tricuspid  valve  and  heart's  blood  delicate  growths 
were  obtained  wliich  consisted  in  part  of  confluent  minute  colonies,  in 
part  of  small,  almost  point-like,  grayish-white,  slightly  elevated  colonies. 
Microscopically  these  colonies  were  composed  of  diplococci,  readily  decol- 
orizing by  Gram,  and  resembling  in  every  way,  except  perhaps  in  the 
feebleness  of  their  growth,  the  organisins  isolated  during  life.  No 
growths  whatever  were  obtained  upon  bullock's  serum,  dog's  serum,  or 
plain  agar-agar. 

Transplantations  from  the  -tS-hour  old  growths  from  the  human 
blood  serum  on  to  ordinary  agar,  swine-liver  agar  (Livingood),  f(etus 
agar  (Flexner)  were  negative.  As  no  human  serum  remained,  trans- 
plantations entirely  failed. 
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]\1  irroscdjiicdl  cxdiii iinil inn . — A  histological  study  of  the  organs  was 
niadi'  \)\  I'l'ol'cssor  l-'lcxnci',  to  wliom  wr  arc  indcUtcd  foi-  tlic  following 
report:  Tlie  dosorii)tion  of  the  liistological  clianii'cs  is  conlined  to  those 
of  the  kidneys,  tlic  liver,  the  s])leen  and  the  cardiac  valves,  tiiese  Ix.'inj; 
the  ]>arts  c-hielly  affected.  The  tissues  were  hardened  in  alcohol  and 
Zenker's  fluid,  and  the  specimens  '^tained  l)y  lueniatoxylin  and  cosin, 
Weigert's  fibrin  stain,  and  niethylene-hlue. 

Kiducij. — Throuiihout  the  cortex  there  is  a  general  increase  of  con- 
nective tissue,  uniformly  distributed  and  ])articularly  well  n)arked  be- 
tween the  tubules.  This  tissue  is  flbrillated,  (edematous  and  not  par- 
ticularly rich  in  cells.  The  chief  lesions  affect  the  glomeruli  and  the 
labyrinthine  tubules.  The  least  affected  glomeruli  completely  till  the 
capsule  of  Bowman;  the  nnndjcr  of  cells  within  the  glomerular  capil- 
laries is  increased,  this  increase  being  due  to  an  excess  of  polymorpho- 
nuclear leucocytes.  The  capillary  walls  are  distinct,  thicker  than  nor- 
mal, hyaline  or  slightly  flbrillated  in  appearance.  The  more  abnormal 
glomeruli  show,  in  the  first  place,  thrombosis  of  groups  of  capillaries  by 
material  presenting  characters  unmistakably  indicative  of  fibrin.  This 
material  within  the  capillaries  appears  as  a  delicate  network  and  may 
be  limited  to  a  single  loop  of  a  capillary  or  occupy  a  grou])  of  loo])s;  it 
does  not  completely  occlude  the  vessels.  Outside  of  the  cajullary  walls 
there  is  an  increase  in  the  number  of  cells  within  the  glomerular  space. 
These  cells  are  partly  of  an  epithelioid  ty])e,  being  doubtless  derived 
from  the  capsular  and  glomerular  epithelium,  and  partly  leucocytes. 
Deposited  within  and  intimately  mixed  with  these  cells  a  fibrinous 
material,  which  appears  often  as  a  crescentic  band,  dips  down  between 
the  lobules  of  the  glomeruli.  It  is  in  part  distinctly  flbrillated,  in  part 
dense  and  hyaline,  and  everywhere  gives  a  sharp  staining  reaction  for 
fibrin.  Its  association  with  the  cells  within  the  capsular  space  is  of  the 
most  intimate  character.  In  specimens  stained  wdth  hematoxylin  and 
eosin  it  takes  a  vivid  red  stain.  In  not  a  few  situations  there  is  evidence 
of  a  proliferation  of  cells  clearly  derived  from  the  capsular  epitlielium, 
and,  although  less  certainly  marked,  there  is  in  our  mind  little  doubt 
that  a  similar  increase  of  cells  is  taking  place  within  the  capillaries 
themselves. 

As  has  been  stated,  leucoe3'tes  occur  abundantly  in  the  capsular  spaces; 
these  are  derived  from  the  glomerular  capillaries  and  may  be  seen  in 
the  act  of  migration  through  the  capillaries  into  the  space.  Of  par- 
ticular interest  is  the  passage  of  leucocytes  from  the  capsular  space 
through  the  capsule  of  Bowman  into  the  interstitial  tissue  in  which  these 


92         Gonorrlioeal  Septicaemia  and  Ulcerative  Endocarditis 

cells  are  increased.  The  iiriniferoiis  tubules  contain  also  large  numbers 
of  polymorphonuclear  leucocytes;  in  some  places  completely  occluding 
the  lumen  of  the  tubes,  forming  definite  leucocytic  casts.  The  epith- 
elium, especially  of  the  secreting  tubules,  is  much  degenerated,  even 
necrotic,  and  in  some  places  evidently  proliferating,  as  is  evidenced  by 
multinucleated  cells  in  certain  of  the  tubules.  The  degeneration  of  the 
epithelium  is  partly  fatty  and  granular,  but  largely  of  the  hyaline 
variety,  to  ■which  change  can  be  attributed  much  cast  material  and 
definite  casts  occupying  the  tubules.  Eed  blood  corpuscles  are  rarely 
found  within  the  tubules.  The  essential  lesion  is  a  sub-acute  glomerular 
and  intracapillary  nephritis.     Bacteria  were  not  discovered  in  this  organ. 

Spleen. — The  connective  tissue  framework  of  the  spleen  is  thickened. 
The  new  tissue  is  of  a  semi-fibrillated  character.  The  blood-vessels  of 
the  pulp  are  diminished  in  size  and  apparently  also  in  number.  The 
splenic  elements  proper  are  also  reduced  in  number,  but  there  are  scat- 
tered irregularly  throughout  the  spleen  in  greatly  increased  number 
polymorphonuclear  leucocytes,  and  within  the  venous  sinuses  groups  of 
hyaline  bodies  and  single  hyaline  bodies,  globular  in  shape,  varying  in 
size  from  a  red  blood  corpuscle  to  one  of  the  largest  white  cells  there 
present. 

The  follicles  are  enlarged  and  very  distinct,  many  of  their  cells  being 
swollen  and  in  process  of  division;  they  are  infiltrated  with  polymorpho- 
nuclear leucocytes,  the  nuclei  of  many  of  which  show  the  greatest  irregu- 
larity in  form.  Nuclear  fragments  are  scattered  sparsely  and  irregu- 
larly throughout  the  spleen;  for  the  most  part  they  are  not  enclosed 
within  other  cells. 

Liver. — The  connective  tissue  is  not  increased;  the  central  veins  are 
much  dilated  and  the  central  portions  of  the  lobules  hyperaemic.  This 
congestion  varies  in  different  lobules,  being  m  some  very  marked,  with 
corresponding  atrophy  of  the  liver  cells.  There  is  an  interesting  hyaline 
metamorphosis  of  some  of  the  liver  cells.  Those  peripherally  placed  in 
the  congested  areas  show  this  change  best,  and  in  these  the  nuclei  have 
become  small,  contracted  and  deeply  staining.  In  parts  of  the  liver 
distant  from  the  congested  areas  the  hepatic  cells  are  swollen,  fatty, 
and  free  from  the  hyaline  change  described,  excepting  where  an  occa- 
sional cell,  more  or  less  loosened  from  the  rows  of  liver  cells  and  per- 
haps lying  in  the  capillary,  is  thus  affected.  There  is  a  general  increase 
in  the  number  of  leucocytes  within  the  blood-vessels. 

Heart. — Sections  through  the  tricuspid  valve  include  chiefly  the 
thrombus,  which  consists  of  masses  of  blood  platelets,  of  fibrin  and  of 
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inohidod  leucocytes.  No  bacteria  ap})ear  in  sections  stained  by  Gram's 
or  Weigert's  method. 

The  pericardiinn  shows,  besides  a  superficial  fibrinous  exudate  con- 
taining leucocytes,  a  considerable  inflammatory  infiltration  of  the  sub- 
jacent fibrons  tissue  and  a  proliferation  of  the  fixed  tissue  cells.  The 
epithelial  covering  is  in  active  proliferation.  In  some  of  the  leucocytes 
in  the  pericardial  exudate  Dr.  Lazear  was  able  to  demonstrate  gonococci. 

A  further  study  of  the  heart  valves  was  made  by  Dr.  Lazear:  The 
tissues  were  hardened  in  alcohol  and  in  Zenker's  fluid,  and  embedded  in 
celloidin  and  paraflfin.  For  the  bacteriological  study  they  were  stained 
with  Loefiler's  and  Unna's  methylene-blue,  Ziehl-Neelsen  carbolic 
fuchsin,  Stirling's  gentian  violet  and  by  Gram's  method.  For  histo- 
logical study  they  were  stained  with  hasmatoxylin  and  eosin  and  Weigert's 
fibrin  stain. 

Tricuspid  valve. — The  connective-tissue  structure  of  the  valve  shows 
areas  of  necrosis.  In  places  the  nuclei  are  merely  swollen.  There  are 
also  irregular  areas  extending  throughout  the  valve  in  which  the  nuclei 
have  entirely  disappeared,  leaving  a  homogeneous  material  which  stains 
with  eosin.  Extending  into  the  substance  of  the  valve  are  numerous 
spaces  filled  with  leucocytes,  among  which  are  a  few  large  phagocytic 
cells,  with  large  irregularly  shaped  nuclei  and  containing  red  blood  cor- 
puscles. 

The  vegetations  are  made  up  of  granular  masses  of  platelets  sur- 
rounded by  fibrin  and  a  thick  layer  of  leucocytes.  Leucocytes  are 
present  also  within  the  masses  of  platelets,  either  scattered  or  occu]:)ying 
spaces. 

Upon  the  surface  of  the  valve  and  the  vegetations  is  a  layer  composed 
of  leucocytes  and  red  blood  corpuscles  with  strands  of  fibrin  forming  an 
irregular  network  through  it.  The  same  material  occupies  the  inter- 
stices between  the  vegetations.  j^Ian}^  of  the  leucocytes  in  this  layer 
and  in  the  more  central  portions  contain  micrococci  with  the  typical 
biscuit  shape  and  other  morphological  characters  of  gonococci  and  com- 
pletely decolorizing  by  Gram.  Extracellular  gonococci  are  present  m 
the  central  portion  of  the  thrombi  but  not  in  the  superficial  la3''ers. 

At  the  line  of  junction  of  the  central  platelet  mass  and  the  leuco- 
cytic  layer  is  a  long  line  of  globular  bodies  varying  in  size  from  that  of 
a  leucocyte  to  ten  times  this  size.  These  bodies  are  made  up  of  dense 
masses  of  gonococci. 

There  can,  it  appears  to  us,  be  no  doubt  as  to  the  natui'e  of  the 
organisms  obtained  in  pure  culture  from  the  blood  during  life  and 
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from  the  affected  valves,  heart's  blood  and  pericardium  after  death. 
This  case  and  that  previously  reported  bv  Dr.  Blumer  and  one  of  the 
authors  (Thaver)  are  the  first  two  recorded  instances  in  which  abso- 
lute proof  of  the  gonococcal  nature  of  the  general  infection  has  been 
obtained. 

The  case  presents  several  interesting  and  unique  features.  While 
the  diagTiosis  of  ulcerative  endocarditis  and  gonorrhceal  septicaemia 
was  .made  during  life,  the  exact  anatomical  lesion — the  remarkal)ly 
extensive  affection  of  the  tricuspid  valve — was  not  at  this  time  sus- 
pected. Much  of  the  thrombus  upon  the  valve  may  have  been  of 
relatively  recent  formation,  but  older  changes,  probably  of  several 
months'  duration,  were  clearly  present.  It  is  the  first  instance  in 
which  a  pure  tricuspid  lesion  has  been  found  in  a  gonorrhoeal  endo- 
carditis. It  is  not  uninteresting  that  while  the  diagnosis  was  not 
made  clinically,  it  w^as  particularly  noted  that,  in  association  with 
the  systolic  murmur,  there  was  no  accentuation  of  the  second  pulmonic 
sound,  a  fact  which  might  well  have  excited  our  suspicion. 

The  changes  in  the  kidney  are  of  especial  interest.  Clinically  the 
case  presented  the  features  of  a  grave  acute  nephritis  with  anaemia, 
anasarca,  ascites  and  finally  urcemic  coma.  The  urine  showed,  be- 
sides the  large  quantity  of  allunnin,  the  blood  casts  and  the  epithelial 
cells,  so  large  an  amount  of  pus  that  a  diagnosis  of  probable  pyelitis 
or  pyelo-nephritis  was  made.  Especially  interesting  is  the  fact  that 
during  life  casts  consisting  entirely  of  polymorphonuclear  leucocytes 
were  repeatedly  observed.  The  absence  of  gross  collections  of  pus  in 
the  kidnev  or  in  the  pelvis  was  a  .suqu-ise  at  the  time  of  the  autopsy. 
The  microscopical  examination  of  the  kidney,  however,  revealed  the 
source  of  this  pus  in  the  unquestioned  evidence  of  the  passage  of 
numerous  leucocytes  directly  through  the  capillaries  of  the  glomeruli 
into  the  glomerular  spaces  and  the  urinaiy  tubules.  The  extensive 
thrombosis  of  the  glomendar  capillaries  and  the  accumulations  of 
fibrin  in  the  glomerular  spaces  form  a  veiy  remarkable  picture.  How 
this  special  localization  of  these  changes  in  the  kidney  and  the  relative 
freedom  of  the  liver  from  those  degenerative  processes  so  common 
in  general  septicauuia,  viz.  focal  necroses,  may  be  explained  is  rather 
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ail  iiitt'i'estiiig  qiu^stion.  May  it  lu'i'liaps  1)('  true  that  the.'  ri'iial 
chaiiiics  woro  due  to  tlic  dii-cct  (h'lctorioiis  action  of  the  aonococci  or 
their  iM'odiicts  ill  tlic  process  of  eliiiiiiiatioii  through  tlie  urine? 

Tliat  the  gonoeoecns  mnst  be  recognized  as  a  true  pyogenic 
organism  capable  of  giving  rise  to  the  gravest  local  and  general  septic 
complications  has  been  abnndantly  proven  by  recent  observations. 
Tliat  cystitis,  epididymitis,  speraiatocystitis,  prostatitis  and  |)eii- 
nrethral  abscesses  in  man,  metritis,  vnlvo- vaginitis,  salpingitis,  and 
peritonitis  in  woman,  may  owe  their  origin  solely  to  the  presence  of 
the  gonococcus  has  been  clearly  demonstrated.  And  further,  sup- 
]mrative  processes  in  remote  parts  are  now  known  to  be  occasionally 
dne  to  a  pure  gonorrhoea!  infection.  Horwitz  and  Lang*  found  the 
gonococcus  in  an  idcer  upon  the  back  of  the  hand,  while  its  presence 
in  joint  fluids  in  cases  of  gonoiThoeal  arthritis  has  been  demonstrated 
l)y  many  observers.  "Within  the  past  15  months  Dr.  Young  has  ob- 
tained the  gonococcus  in  pure  culture  in  7  instances  of  gonorrhoeal 
arthritis  in  the  Johns  Hopkins  Hospital,  demonstrating  that  the 
arthritis  in  a  large  proportion  of  instances  represents  a  true  local 
bacterial  infection. 

The  gonococcus  has  also  been  olitained  in  pure  culture  from  a 
number  of  instances  of  tenosynovitis  ( Jacobi  and  Goldmann,+  Blood- 
good  and  Youngij:),  from  subcutaneous  abscesses  (Lang  and  Paltauf§ 
and  Hoinvitz]|),  from  intramuscular  abscesses  (Bujwid" ),  from  pleural 
effusions  (Bordoni-Uffreduzzi**),  from  the  circulating  blood  (Thayer 
and  Blumer.ff  Thayer  and  Lazear:}::|:),  and  recently  l)y  Yonng§§ 
from   a  case   of  general   peritonitis   following   an   acute   gonorrhoeal 

*  Wiener  kliii.  Wochenschr.,  1893,  vi.  59. 

t  Bcltrdge  ,c.  kiln.  CJiir.,  1894,  xii,  827. 

%  Unpublished  observations  in  the  Johns  Hopkins  Hospital. 

^Arch.  f.  Denn.  u.  SypJi.,  1893,  xxv,  330. 

II  Wicn.  l-lhi.  Woch.,  1893.  vi,  59. 

^  Ccntrll).  f.  Bakt.,  1895,  xA^ii,  435. 

**  Deutsche  med.  Woch.,  1894,  xx,  484. 

tt  Op.  cit. 

'^fMed.  Record.  X.  Y..  1897.  lii.   !97.  and  present  article. 

§§  I^npnblished  obscivation. 


96         Gonorrhoeal  Septicaemia  and  Ulcerative  Endocarditis 

salpingitis.  That  in  some  instances,  therefore,  the  gonocoecus  itself 
should  be  the  cause  of  endocarditis,  pericarditis,  and  myocarditis  is  bv 
no  means  remarkable.  Our  own  experience  during  the  last  several 
years,  together  with  a  study  of  the  literature,  indicates  that  the  cardiac 
complications  of  gonorrhoea  are  more  frequent  than  has  generally  l^een 
supposed. 

Endocarditis  is  by  far  the  commonest  of  the  cardiac  complications 
of  gpnorrhcea.  Gurvich*  has  collected  110  instances  in  77  of  which 
the  cases  are  sufficiently  well  reported  to  allow  of  definite  conclusions. 
From  the  more  recent  literature  it  is  possible  to  add  some  ten  or  a 
dozen  more  cases  to  those  of  Gurvich. 

In  the  majority  of  these  cases  the  cardiac  complications  have  been 
preceded  by  an  arthritis.  In  a  considerable  number  of  instances, 
howcA^er,  joint  symptoms  have  been  entirely  absent,  while  in  several 
cases  evidences  of  endo-  or  pericarditis  have  appeared  before  the 
development  of  joint  manifestations. 

Pericarditis  is  a  much  less  frequent  complication.  "\Ve  have  been 
able  to  collect  but  17  positive  cases  in  the  literature. 

Myocardial  changes  have  been  demonstrated  in  the  majority  of  the 
cases  of  acute  ulcerative  endocarditis  of  gonorrhoeal  origin  w'hich 
have  come  to  autopsy,  the  most  satisfactorily  studied  instance  being 
that  of  Councilman,  where  there  was  no  affection  of  the  endocardium. 
For  a  satisfactoi-y  stady,  however,  of  the  cardiac  complications  of 
gonorrhoea  one  must  turn  to  the  cases  which  have  been  observed  an- 
atomically as  well  as  clinically.  We  have  collected  32  instances  of 
gonorrhoea  with  fatal  cardiac  complications  where  there  wore  satisfac- 
tory pathological  notes.  Several  of  those  included  in  other  classifica- 
tions have  been  omitted  because  of  insufficient  data.  Of  these  32 
cases  31  were  instances  of  ulcerative  endocarditis  with  or  without 
marked  pericardial  or  myocardial  affection;  one,  that  of  Councilman, 
was  an  instance  of  peri-  and  myocarditis  alone. 

Gonorrhoeal  endocarditis. — These  cases  considered  fcom  a  patho- 
logical standpoint  may  be  divided  into  five  classes: 

*  Russk.  arch,  patol.,  klin.  med.  i.  bakt.,  1897,  iii,  329. 
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(1)  The  first  class  inehidos  six  eases,  those  of  Tjoiirdon,*  Desnos,f 
Seliedler,:|;  Draper,§  Flcuiy,!]  and  llis.^ 

In  tliese  instances,  although  the  history  clearly  shows  the  association 
of  the  process  with  <ronon*hoea,  no  note  is  made  with  regard  to  bac- 
teriological examination. 

(2)  The  second  class  comprises  ten  cases,  those  of  Martin,** 
Weckerle,tt  "Weichse.lbanm,t1:  Ely,§§  Wilms,||||  Golz,«[Tf  Keller,*** 
Znwadzki  and  Bregman/j-f  f  Babes  and  Sion,:|::j:.|:  and  lastly  an  unpub- 
lished observation  of  our  own.  Case  32  of  our  series  (p.  115).  Here 
there  existed  mixed  or  secondary  infections.  In  some  instances  organ- 
isms other  than  gonococci  were  obtained  in  pure  culture;  in  others, 
strepto-  and  staphyhx'occi  were  demonstrated  microscopically.  In 
several  cases  organisms  morphologically  similar  to  gonococci  were 
fouud,  while  the  actual  sequence  of  the  infection  upon  acute  gonor- 
rhoea is  not  to  be  doubted. 

(3)  The  third  class  includes  four  cases,  those  of  Rothmund,§§§ 
His,||||||  Winter! )erg";^T[  and  Fressel.****  Here  the  infection  was 
probably  purely  gonococcal.  In  all  of  these  cases  organisms  showing 
the  morphological   and  tinctorial   characteristics   of  gonococci  were 

*  Gaz.  d.  Hop.  Par.,  1868,  xli,  1. 

^  L'Union  nied.,  3s.,  1878,  xxv,  43:  also,  Gaz.  d.  Hop.,  1877,  1,  1067. 

X  "  Zur  Casuistik  der  Herzaffectionen  bei  Tripper."  Inaug.-Diss.,  Berlin, 
1880. 

§  Medical  Bullethi,  Phila.,  1882,  iv,  81. 

II  Journ.  dc  med.  de  Bordeaux,  1883-84,  xiii,  65. 

il  Berl.  Idin.  Woch.,  1892,  xxix,  993. 

**  Rev.  med.  de  la  Suisse  Romande,  1882,  ii,  308,  352. 

^^  Mi'mcll.  med.  Tl'ocft.,  1886,  xxxiii,  563,  582,  608,  622,  636. 

±X  Centraim.  f.  Bald.,  1887,  ii,  209. 

§§  Med.  Record,  xxxv,  1889,  287. 

\\\\Mi\neli.  Med.  Woch.,  1893,  xl,  745. 

^^  Ulcerose  Endocarditis  der  Klappen  der  Pulmonalarterie  bei  jjonoi*- 
rhoischer  Arthritis,  Inang\-Diss.,  Berlin,  1893. 

^"*  Deutsch.  Arch.  f.  kliu.  Med.,  1896,  Ivii,  387. 

ttt  Wien.  med.  Woch.,  1896,  xlvi,  313,  351. 

±T±Areh.  d.  Sc.  Med.  de  Biicarest,  1896,  i,  505. 

§§§  Endocarditis  ulcerosa,   Inatig.-Diss.,    Zurich,   1889. 

mill  Op.  eit. 

\\^\,  Festschr.  z.  25  Jjihr.  Jub.  d.  Vereins  Deutscher  Aerzte  zu  San  Fran- 
cisco, 1894,  40. 

****  Inaug.-Diss.,  Leipzig,  1894. 
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demonstrated  microscopically.      Cultures,   however,  were  not  made. 
Other  organisms  were  not  found. 

(4)  The  fourth  gi'oup  comprises  six  cases,  those  of  Leyden,* 
Finger,  Ghon  and  Schlagenhaufer,t  Hale  White,:!:  Michaelis,§  Sten- 
gel II  and  Siegheim.l  Here  the  proof  of  the  purely  gonococcal  nature 
of  the  process  is  more  nearly  complete  in  that  the  observers  made 
cultures  upon  ordinary  media  from  the  affected  parts  and  from  the 
circulating  blood  without  obtaining  positive  results;  while  at  the 
same  time  the  microscopical  demonstration  from  the  affected  regions 
of  organisms  showing  all  the  morphological  and  tinctorial  character- 
istics of  gonococci  would  seem  to  form  a  fairly  conclusive  argument 
in  favor  of  the  existence  of  a  pure  infection  by  the  gonococcus. 

(5)  Lastly,  there  remain  five  cases,  those  of  Thayer  and  Blumer,*" 
Dauber  and  Borst,tt  Thayer  and  Lazear,:|::|:  Eendu  and  Halle§§  and 
Lenharz,||||  in  which  the  evidence  of  the  purely  gonococcal  nature  of 
the  complication  may  be  considered  as  definitely  proven. 

In  the  first  of  these  cases  the  gonococcus  was  obtained  in  pure 
culture  twice  during  life  and  was  found  microscopically  post-mortem 
in  the  affected  regions. 

In  the  case  of  Dauber  and  Borst  a  pure  culture  wa£  obtained  after 
death  from  the  heart's  blood  of  organisms  concerning  the  nature  of 
which  the  reporters  were  in  doubt.  Most  subsequent  observers  have, 
however,  recognized  them  as  gonococci. 

In  the  third  instance,  the  writers  were  able  to  prove  the  purely 
gonorrhoeal  nature  of  the  affection  by  obtaining  gonococci  in  pure 
culture  three  times  during  life  from  the  circulating  blood,  while  Dr. 
Flexner  obtained  similar  results  post  mortem  from  the  affected  valves, 
heart's  blood,  and  pericardium. 

^  DcHtsch.  mcd.  ^yoc%.,  1893,  xix,  909. 

t  Arch.  f.  Dermat.  u.  Syph.,  1895,  xxxiii,  141,  323. 

X  Lancet,  1896,  i,  533. 

§  Zeitschr.  f.  klin.  Med.,  1896,  xxix,  556. 

II  TJniv.  Med.  Mag.,  Phila.,  1897,  ix,  426. 

^  Zeitschr.  f.  kiln.  Med.,  1898,  xxxiv,  526. 

**0p.  cit. 

tt  Deutsch.  Arch.  f.  Min.  Med.,  1896,  Ivi,  231. 

X±Med.  Record,  N.  Y.,  1897,  lii,  497  (case  reported  in  this  oommmiieation). 

§§  Bull,  et  mem.  Soc.  med.  d.  hop.  de  Par.,  1897,  3.  s.,  xiv,  1325. 

nil  Berl.  kJin.  Woch.,  1897,  xxxiv,  1138. 
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In  the  (*iis(>  of  liCiidu  ami  llallr  y,(>iioc<K'i'i  wvw  ()l)taiiic(l  in  [)iire 
culture  from  the  emlometnum  (hn"in<i'  life  ami  tleiiioiistrat('<l  iiiicro- 
scopieally  in  the  plileiiUKtii  ahcut  the  clKow.  After  dealli  they  were 
obtained  in  ]>ure  culture  from  the  thrombus  updii  the  affected  valves. 

Finally  the  last  link  in  the  chain  of  evidence  has  been  supi)lied  by 
Lenharz,  who,  from  a  case  of  characteristic  gonorrlujcal  endocai'ditis, 
in  which  pui'c  cultures  were  obtained  from  the  thi'omhi  on  the  aortic 
valves,  intrdduced  a  piece  of  softened  thrombus  into  the  human 
urethra'.  A  characteristic  gonorrhoea,  with  gonococci  in  the  dis- 
charge, appeared  on  the  fourth  day. 

A7iato7nical  lesio7is. — As  to  the  nature  of  the  anatomical  lesion  there 
is  little  to  say.  Considering  the  15  cases  in  which  tlic  pure  gonococcal 
nature  of  the  infection  is  probable,  one  finds  that  in  all  instances  there 
were  present  the  usual  appearances  of  ulcerative  endocarditis  with  ex- 
tensive polypoid  ehronibi  and  more  or  less  actual  destruction  of  the 
valves,  often  with  aneurism  formation  and  perforation.  The  localiza- 
tion of  the  affection,  howeA^er,  presents  several  points  of  considerable 
interest.  In  ordinary  chronic  endocarditis  it  is  well  known  how  infre- 
quently the  right  heart  alone  is  affected;  thus,  (uit  of  300  autopsies  on 
cases  of  endocarditis,  Sperling  found  the  lesions  limited  to  the  right 
heart  in  but  3  instances,  or  1  per  cent.  Weckerle  out  of  846  autopsies 
on  cases  showing  valvular  cardiac  lesions  in  Bollinger's  laboratoiy 
found  that  the  right  heart  alone  was  affected  in  3.!)  per  cent  of  all  cases. 

It  has,  however,  been  shown  that  in  cases  of  ulcerative  endocarditis 
the  liability  of  the  right  side  to  infection  is  considerably  greater. 
Thus,  while  in  802  benign  cases  from  the  Munich  statistics  the  right 
heart  alone  was  affected  in  3.24  per  cent,  in  44  cases  of  ulcerative 
endocarditis  the  percentage  of  affections  limited  to  the  right  side  was 
nearly  16  per  cent  (15.91  per  cent).  In  our  31  cases  the  lesions  were 
as  follows: 

aortic 12  r>-   i  i.  ,        i.     f  pulmonary 7 

,    ,,  ,        t     1      -i     1  n  Riijht  heart:  <  f  .  . , ' 

Left  heart  :  -j  mitral 6  '^  \  tricuspid 1 

both 3  

8— 2.5.85^ 

21—67. 75^ 


T,    .,     .,        {  mitral,  aortic,  tricuspid 1 

Both  sides :  ^    ,,  j,             ,  1 

/  aU  four  valves 1 


-6.4^ 
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This  surprisino-ly  higli  percentage  of  riglit-sided  cardiac  affections 
in  onr  cases  is  interesting  and  diificnlt  to  explain.  Considering  the 
15  cases  in  which  the  pure  gonococcal  natnre  of  the  infection  is  prob- 
able, we  have  the  following  table: 

L  tiortic 7  ^..^.  ,:.„  .      j  tricuspid 1 

Left  heart :  1  mitral 3  Ki.^ht  side  .      ^  p^i^ou^Ty  .  . .  .   2 


I  bo  til 


■■■; 8-20^ 

n_73.3^ 
Both  sides  :   all  four  valves 1-6. 6^^. 


The  remarkable  high  percentage  of  pure  right-sided  cardiac  affec- 
tions in  these  cases,  even  as  compared  with  the  Munich  tables,  is  an 
interesting  point.  To  attempt  to  draw  definite  conclnsions  from  so 
small  a  number  of  instances  might  well  be  fallacious,  but  the  fact  is 
none  the  less  worthy  of  reflection.  Indeed,  why  the  right  side  of  the 
heart  should  be  so  much  more  liable  to  disease  in  ulcerative  endo- 
carditis is  by  no  means  perfectly  clear.  Another  very  interesting 
point  is  the  fact  that  the  aortic  valves  appear  from  our  tables  to  be  by 
far  the  most  frequently  affected.  While  this  has  been  the  case  in 
those  fatal  instances  which  have  come  to  autopsy,  yet  Gurvich's  tables 
based  upon  64  cases  in  which  a  diagnosis  was  made  during  life  show 
appreciably  different  figures.     His  tables  show: 

Mitral  valve 31  Pulmonary    3 

Aortic    Ifi  Mitral  aud  tricuspid 2 

Mitral  and  aortic 13 

^^p. — The  age  of  the  patients  in  the  fatal  cases  varied  between 
19  and  51,  while  taking  the  larger  statistics  of  Gurvich  we  find 
records  of  one  instance  at  the  ag6  of  64  and  another  at  10.  The 
majority  of  cases  occurred,  as  might  be  expected,  in  early  adult  life. 

ggx. — Of  the  31  instauces  of  fatal  ulcerative  endocarditis  due 
to  the  gonococcus  23  were  in  men  and  8  in  women. 

Time  of  onset.— There  appears  to  be  nothing  particularly  character- 
istic with  regard  to  the  time  of  onset  of  these  cases  with  relation 
to  the  attack  of  urethritis,  some,  as  in  the  case  of  Prevost,  coming 
on  almost  immediately  after  the  onset,  others  some  weeks  or  months 
later.  Some  of  the  cases  occurred  with  the  initial  attack  of  gonor- 
rhoea, others  in  patients  who  had  suffered  once  or  twice  before. 


AVilIi;iiii    Sydney    'riinycv   Jiiid    -Icssc    \\'illi;ini    I,ii/,c;ii'  KM 

Coniplica/ijifi  ni-llirills. — Artlii'itis  prot'odcd  the  cardiac  alVcctimi 
in  t]i(>  iiiajnrity  of  instances,  tliona-li  in  a  considerable  nmnlicr  lli(>  car- 
diac complication  occurred  without  or  before  the  development  of  joint 
symptoms. 

St/iiipfoms. — The  symptoms  of  jiouorrlural  endocarditis  a]»pear  to 
differ  in  no  essential  way  from  those  of  endocarditis  of  other  origin. 
AVhile  many  instances  are  reported  in  which  the  cardiac  manifestations 
were  slight  and  transient,  the  proportion  of  cases  of  a  malignant  nature 
which  have  so  far  been  recognized  is  unusualh'  large.  It  is  not  im- 
probable, however,  that  this  is  due  to  the  fact  that  the  majority  of 
milder  cases  escape  notice.  And  it  is  w^ell  in  this  connection  to 
remember  how  frequently  the  same  is  true  in  rheumatic  cardiac  affec- 
tions. 

In  the  fatal  cases  the  symptoms  are  essentially  similar  to  those 
in  instances  depending  upon  infection  with  other  pyogenic  organisms 
— an  irregvilar  intermittent  or  remittent  fever,  usually  wdth  severe 
rigors,  profuse  sweating  and  rapidly  developing  anaemia,  albuminuria; 
in  fact,  the  ordinary  symptoms  of  a  severe  septicaemia.  The  duration 
of  the  attack  in  the  15  instances  in  which  the  pure  gonococcal  nature 
of  the  infection  is  probable,  varied,  as  far  as  can  be  made  out,  from 
ten  days  to  two  months.  The  only  exception  to  this  rule  was  in  our 
case,  in  which  the  symptoms  of  septicsemia  lasted  through  a  period  of 
six  months.  From  the  consideration  of  these  cases  and  of  those  others 
which  were  follow^ed  by  recovery,  it  is  rather  difficult  to  see  upon 
what  Gurvich  bases  his  conclusion  that  gonorrhoeal  cardiac  affections 
pursue  a  milder  course  than  those  depending  upon  the  other  pyogenic 
cocci. 

In  a  number  of  these  instances  the  renal  changes  have  been  par- 
ticularly severe.  In  several  the  patient  died  with  the  general  appear- 
ances of  a  grave  nephritis  as  in  our  second  case.  These  changes  are 
possibly  to  be  explained  by  the  special  exposure  of  the  kidney  through 
the  elimination  of  the  gonococcus  or  its  products  which,  in  these  in- 
stances of  general  septicaemia,  occui's  in  all  probability  through  the 
urine. 

Pericarditis. — Pericarditis  is  a  far  less  frequent  occiu-rence  than 
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endocarditis  in  gonorrhoeal  infection.     In  7  of  the  32  fatal  instances 
there  is  a  note  of  a  pericardial  complication.     The  cases  of  Weckerle 
and  Golz  were  mixed  infections.     In  Councilman's  case  the  pericar- 
dial cavitv  was  enormonslv  distended,  containing  800  cc.  of  a  haemor- 
rhagic  exudate  in  which  there  were  large  masses  of  clot.     Both  sur- 
faces of  the  pericardium  were  covered  with  thick  membranous  masses 
containing  hsemorrhages.     A  few  gonococci  were  found  in  the  peri- 
cardium.    In  Winterberg's  case  it  is  noted  that  20  ccm.  of  sero-puru- 
lent  fluid  were  found  in  the  pericardial  sac.     In  our  second  case  the 
pericardial  cavity  contained  about  300  ccm.  of  turbid  yellow  fluid 
containing   flakes   of   fibrin.     In   the   dependent  portions   the   fluid 
was  thick  and  puriform.     The  surface  of  the  peri-  and  epicardmm 
was  congested  and  contained  small  ecchymoses;  it  was  covered  by  a 
granular  deposit.     Gonococci  were  obtained  in  pui'e  cultures  from 
the  fibrin  upon  the  surface  of  the  pericardium.     In  Kendu's  case  it  is 
noted  that  the  pericardium  contained  500  cc.  of  translucent  fluid  and 
that  there  were  "  pericardial  lesions,"  nothing  further.     Cultures  from 
the  fluid  were  negative. 

Thus,  it  may  be  seen  that  anatomically  nothing  striking  is  to  be 
made  out  from  a  consideration  of  these  observations.  The  definite 
proof  of  the  existence  of  a  pure  gonorrhoeal  pericarditis  is  furnished 
by  the  positive  result  of  our  cultures  in  Case  II. 

'  Myocarditis.— Graye  myocardial  changes,  necroses  with  hsemor- 
rhage,  leucocytic  infiltration,  embolic  abscesses  have  been  described  m 
a  number  of  instances  in  association  with  fatal  endocarditis.  In  Coun- 
cilman's case  the  areas  of  necrosis  and  suppuration  were  large  and 
gonococci  were  found  microscopically  in  the  foci. 

CONCLUSIOK^S. 

(1)  An  acute  gonorrhoeal  urethritis  may  be  the  starting  point  for 
a  grave  general  septicaemia  Avith  all  its  possible  complications. 

(2)  These  infections  may  be  mixed  or  secondai-y,  due  to  the  en- 
trance into  the  circulation  of  organisms  other  than  the  gonoeoceus, 
or  they  may  be  purely  gonococcal  in  natiu-e. 

(3)  Endocarditis  is  an  occasional  complication  of  gonon-hoea. 


Williniii   Sy.hicy   TlKiyer  and  Jes.^c   AVilliiuii    l.nzcar         l(i:; 

(4)  This  cnddcnrditis  may  be  transient,  disappi'arinfi-  willi  I  nit  tew 
apparent  results,  or  it  may  leave  the  patient  with  a  (dironic  valvnhir 
lesion,  or  it  may  pursue  a  rapidly  fatal  course  with  the  sympioms  ol 
acute  ulcerative  endocarditis. 

(5)  The  endocarditis  associated  with  gonorrhoea  is  commonly  due 
to  the  direct  action  of  the  qohococcus,  but  may  be  the  result  of  a 
secondary  or  mixed  infection. 

(0)  Pericarditis  may  also  occur  as  a  complication  of  gonorrhiea,  but 
it  is  less  frequent  than  endocarditis.  It  may,  as  in  the  case  of  the 
latter,  be  the  result  either  of  a  pure  gonococcal  or  of  a  mixed  infec- 
tion. 

(7)  Grave  myocardial  changes,  necroses,  purulent  infiltration,  em- 
bolic abscesses  are  common  in  the  severe  gonococcal  septicaemias. 

(8)  In  instances  of  gonococcal  septicaemia  the  diagnosis  may,  in 
some  cases,  be  made  during  life  by  cultures  taken  from  the  circu- 
lating blood  according  to  proper  methods. 
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ON  ALTERATIOXS  m  THE  COMPOSITION  OF  THE 

BLOOD  RESULTING  FliOM  EXPERIMENTAL 

DOUBLE  NEPHRECTOMY. 

By  C.  a.  HERTEE,  M.  D.,  a.\d  A.  J.  WAKEMAX,  Ph.  D. 

Althougli  the  alterations  in  the  composition  of  the  blood  which 
follow  uncomplicated  experimental  double  nephrectomy  are  of  much 
interest  in  relation  to  the  pathology  of  human  ursemic  states,  the  litera- 
ture relating  to  the  subject  is  exceedingly  limited,  and  it  is  certain  that 
investigators  have  not  given  it  the  attention  of  which  it  is  worthy. 
It  is  the  aim  of  this  paper  to  present  concisely  the  results  of  experi- 
mental work  relating  chiefly  to  the  chemical  changes  that  occur  in  the 
blood  as  the  result  of  double  nephrectomy.  In  most  instances  dogs 
were  employed  as  the  subjects  of  these  observations,  and  both,  kidneys 
were  removed  at  one  operation.  The  chief  symptoms  following  the 
removal  of  both  kidneys  in  dogs  are  as  follows:  lowering  of  the  tem- 
perature, loss  of  appetite,  drowsiness,  vomiting,  diai-rhoea. 

In  a  few  instances  the  second  kidney  was  removed  several  days  after 
the  removal  of  the  first.  In  a  smaller  series  of  cases  studies  were 
made  of  the  blood  after  both  ureters  had  been  tied  just  below  the 
pelves  of  the  kidneys.  In  almost  all  cases  the  animals  were  carefully 
watched,  and  were  bled  to  death  as  soon  as  there  were  indications  that 
life  was  not  likely  to  be  prolonged  for  many  hours.  This  method  of 
procedure  is  of  importance,  because  there  is  reason  to  think  that  the 
composition  of  the  blood  undergoes  alterations  in  certain  respects  by 
contact  post  mortem  wdth  the  tissues.* 

Thus  V.  Limbeck  obtained  the  following  results: 

NaCl.  KCl.  HNa^  PO^ 


Blood.. 
Muscle. 


Unrinsc 
life. 

4S  hours 
post  niort. 

During 
life. 

4'5  hours 
post  mort. 

During 
life. 

48  hours 
post  mort. 

.1643 

.1642 

.0379 

.0.567 

.0247 

.0327 

.0193 

0.198 

.3261 

.2271 

.3286 

.3721 

*  V.  Limbeck,   Arch.  f.  cxp.  Path.  u.  Pliarm.,  1892,  xxx,  195. 
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Our  observations  have  reference  to  the  reaction  of  the  blood  and 
to  its  content  of  urea,  of  uric  acid,  of  alcoholic  and  ethereal  extractive 
substances,  of  ethereal  extractive  substances,  of  total  proteids,  of 
fibrin,  of  ash,  of  sodium  and  potassium,  and  of  phosphoric  acid. 

Eeaction  of  the  blood.* — Reference  to  Table  I  shows  that  the  alka- 
linity of  the  blood  was  distinctly  increased  as  the  result  of  double 
nephrectomy.  Thus  the  average  alkalinity  in  six  normal  dogs  was 
.0043  grm.  XaOH  (1  cc.  blood),  while  that  of  six  nephrectomized  dogs 
was  .0095  gnn.  XaOlT.  In  the  case  of  two  dogs  whose  ureters  had 
been  tied,  the  alkalinity  gnxe  an  average  of  .0138  grm.  XaOH,  but 
these  results  do  not  of  course  justify  the  conclusion  that  a  higher 
grade  of  alkalinity  is  to  be  regularly  expected  after  ligation  of  the 
ureters  than  after  nephrectomy. 

TABLE  I.  — Alkalinity  of  Blood. 


Nature  of 
experiment. 

No.  of 
hours. 

1  cc.  blood  in 
terms   of  cc.    of 
,tj  normal  tar- 
taric acid  sol. 

1  cc.  blood  in 
terms  of 
grammes  of 
NaOH. 

NORMAL  dog's   blood. 

No. 

1  CC.  blood  in 
terms  of  cc.  of 
yij,  normal  tar- 
taric acid  sol. 

1  cc.  blood  in 

terms  of 

grammes  of 

NaOH. 

Double 

1 

Nephrectomy. 

48 

4.10  cc. 

.0164  2:rms. 

.940 

.0037grms. 

2 

" 

52 

1.65    " 

.0066  ■"" 

.950 

.0038     " 

3 

It 

52 

2.91    " 

.0116     " 

.940 

.0037     " 

4 

i( 

52 

2.21    " 

.0088     " 

.730 

.0029      " 

5 

u 

72 

1.44    " 

.0057     " 

1.05 

.0042     " 

6 

Both    ureters 

72 

1.93    " 

.0077     " 

1.90 

.0076     " 

7 

ligated. 

48 

3.10    " 

.0124     " 

8 

" 

52 

3.80    " 

.0152     " 

Average  of  results,   Nos.   (1-6)=  2.37  cc.  =  .0095. 

"      (7-8)  =  3.45  cc.  =  .0138. 

"  "  "  "      (1-8)  =  2.64  cc.  =  .0106. 

"  "         "  "  Normal=  1.08  cc.  =  .0043. 


This   increased   alkalinity   after    nephrectomy   is    especially    note- 
worthy, as  it  contrasts  with  the  well-known  results  of  von  Jaksch  in 


*  Method:  To  a  given  amount  of  freshly  drawn  blood  a  tenth  normal  solu- 
tion of  tartaric  acid  containing-  sodium  sulphate  is  added.  The  point  of 
neutralization  is  determined  by  the  use  of  litmus  paper.  For  the  details 
of  the  process  see  Hoppe-Seyler's  Handbuch  d.  physioL-  u.  path.-chem. 
Analyse,  p.  399,  Berlin,  1893.  The  method  for  absolute  values  is  far  from 
accurate  on  account  of  the  difficulties  involved  in  determining  the  neutral 
point,  but  is  probably  sufficiently  accurate  to  render  relative  results  trust- 
worthy. 


('.    A.    llcrtcr  nnd    A.   .1.    AV;ikciii:m  1  1!» 

liuiiiiiM  ur;iMiii;i.f-  It  is  xcvv  doiilttfiil  if  it  cnn  he  ascribed  entirely 
to  loss  <»t"  wjitcr,  :is  the  iiicita-c  in  the  si)ec'ilic  p'avity  of  the  blood  is 
inconsiderable. 

Urea* — The  increase  in  the  pcn-cntaiic  of  urea  in  the  blood  is 
perhaps  the  most  striking  alteration  in  the  composition  of  the  blood 
after  donI>le  nephrectomy  (Table  II).  Twenty-eight  observations  on 
the  blood  of  normal  dogs  give  an  average  percentage  of  .037.  Eigh- 
teen obsen'ations  on  nephrectomized  dogs  (which  lived  from  22  to 
82  hours)  yield  an  average  of  .315  per  cent,  while  six  observations 
on  the  blood  of  dogs  whose  ureters  were  tied  give  an  average  of  .301 
per  cent.  The  increase  in  the  percentage  of  urea  thus  amounts  to 
nearly  10  times  the  average  normal  percentage  in  the  course  of  82 
hours  or  less.  The  highest  individual  j>ercentage  in  the  blood  was 
.458,  or  nearly  .5  per  cent.  A  similar  increase  in  the  urea  of  the 
blood  has  been  observed  by  us  in  several  cases  of  uraemia.  It  is  note- 
worthy that  the  average  normal  percentage  of  urea  in  human  blood 
is  about  the  same  as  that  of  dogs,  and  that  the  highest  percentages  of 
urea  which  have  been  found  in  human  ura?mia  are  comparable  with 
the  highest  noted  after  nephrectomy. 

The  urea  which  is  stored  in  the  blood  after  removal  of  the  kidneys 
is  derived  from  the  waste  of  proteid  tissue,  and  perhaps  in  a  measure 
directly  from  proteid  food  in  the  digestive  tract  at  the  time  of  opera- 

t  V.  Jaksch.  ZeitscJir.  f.  kliii.  Med.,  xiii,  350.  Further  work  is  certainly 
needed  to  determine  whether  the  diminished  alkalescence  of  the  blood 
observed  by  von  Jaksch  is  actually  a  feature  of  the  blood  in  human 
uraemia. 

*  Method:  A  given  quantity  of  blood  is  treated  \\-ith  four  or  five  times 
its  volume  of  absolute  alcohol  and  allowed  to  stand  24  hours.  The  filtrate 
and  washings  are  evaporated  to  drjness  at  a  moderate  temperature,  and 
the  residue  is  taken  up  in  absolute  alcohol  and  filtered.  The  filtrate  and 
washings  are  again  evaporated  to  dryness,  and  the  residue  dissolved  in  a 
little  water.  This  solution  is  subjected  to  the  action  of  sodium  hypobro- 
mite,  and  from  the  volume  of  nitrogen  evolved  is  calculated  the  jiercentage 
of  urea.  Other  nitrogenous  alcoholic  extractives  of  blood,  as  creatin  and 
lecithin,  are  partly  decomposed  with  liberation  of  nitrogen  in  this  pro- 
cess, and  herein  lies  the  inaccuracy  of  the  method.  Urea,  however,  is  by 
far  the  most  abundant  of  the  nitrogenous  extractives,  and  the  only  one 
which  is  wholly  broken  up  by  the  action  of  sodium  hypobromite.  The 
results  obtained  by  this  method  are  looked  upon  as  sutficiently  accurate 
for  the  purposes  of  this  investigation. 
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tion.*  After  operation  the  animals  seldom  eat,  and  the  formation 
of  urea  is  probably  little  greater  than  in  a  state  of  stai-^-ation.  The 
waste  in  starvation  is,  however,  considerable.  A  dog  weighing  12 
kilos,  and  possessing,  saj,  one  kilo  of  blood,  would  produce  enough 
urea  to  cause  an  accumulation  of  .5  per  cent  of  urea  in  the  blood  in 
the  course  of  three  days,  supposing  the  formation  of  urea  to  be  even 
less  than  2  grammes  daily  and  further  supposing  the  blood  to  be 
entirely  free  from  urea  at  the  time  of  operation.  The  daily  forma- 
tion of  urea  in  a  starving  dog  weighing  12  kilos  is,  however,  consid- 
erably greater  than  2  grammes  daily.  If  all  the  urea  formed  were 
stored  in  the  blood,  the  percentage  would  probably  rise  to  1  in  three 
days.  The  discrepancy  between  the  amount  which  should  theoreti- 
cally be  found  and  the  amount  actually  stored  in  the  blood  can  prob- 
ably be  explained  wholly  by  the  fact  that  after  nephrectomy  urea 

TABLE  II.— Urea  in  the  Blood. 


Xo. 

Nature  of 
experiment. 

03 

.  o 

Percentage 
of  urea. 

Normal 
dog's  blood. 
Percentage 

of  urea. 

No. 
19 

Nature  of 
experiment 

.  o 

oa 
•A 

Percentage 
of  urea. 

Normal 
dog's  blood 
Percentage 

of  urea. 

1 

Double 

32 

.394 

.049 

Both  ureters 

48 

.360 

.027 

o 

nephrectomy 

26 

.356 

.040 

30 

ligated 

36 

.342 

.058 

3 

'I 

36 

.103 

.035 

21 

11 

45 

.200 

.021 

4 

I' 

40 

.121 

.023 

23 

11 

48 

.323 

.063 

5 

" 

48 

.  350 

.033 

33 

11 

53 

.302 

.023 

6 

11 

48 

.395 

.036 

34 

11 

72 

.377 

.011 

7 

" 

48 

.376 

.031       1 

35 

Left  kidney 

24 

.354 

.013 

8 

11 

48 

.184  ■ 

.034       1 

removed, 

9 

<c 

48 

.347 

.070        j 

right  ureter 

10 

l< 

52 

.259 

.036 

ligated. 

11 

u 

52 

.366 

.079 

36 

Right  ureter 

36 

.347 

.0£6 

13 

11 

53 

.286 

.073 

ligated, 

13 

11 

60 

.431 

.043 

left  reual 

14 

11 

60 

.386 

.025 

ligated. 

15 

11 

72 

.458 

.031 

37 

Both  renals 

36 

.330 

.037 

16 

u 

73 

.456 

.045 

ligated. 

17 

11 

72 

.230 

.037 

38 

Both  renals 

36 

.310 

.027 

18 

83 

.377 

.049 

ligated, 

both  ureters 

ligated. 

Average  of  results : 


Nos.     (1-18)  =  .315. 

"      (19-34)  =  .301. 

(1-38)  =  .308. 

Normal  rz.037. 


*  Chittenden,  On  Digestive  Proteolysis,  p.  105,  New  Haven,  1S95. 
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aeouiinilati's  in  the  nnisclos.  brain,  and  other  tissncs  and  organs.  A 
similar  storage  in  the  tissues  is  noticeable  both  in  human  uraemia  and 
after  the  experimental  intravenous  injection  of  a  solution  of  pure 
urea  in  dogs,  and  makes  the  percentage  of  urea  in  the  blood  lower 
than  it  would  be  were  all  the  urea  retained  in  the  blood. 

Uric  acid* — The  few  observations  upon  uric  acid  recorded  in  Table 
III  indicate  that  the  salts  of  uric  acid  are  not  increased  after  neph- 
rectomy— the  observations,  however,  are  too  few  to  be  conclusive. 

If  it  be  a  fact  that  uric  acid  occurs  in  minute  quantities  in  normal 
blood  and  that  it  is  not  increased  after  nephrectomy,  this  is  of  consid- 
erable physiological  interest.  Speculations  on  the  possible  reasons 
for  the  absence  of  an  increase  are  of  little  interest  until  the  fact  itself 
is  established. 

TABLE  III. — Uric  Acid  ix  the  Blood. 


No.     Katnre  of  experiment. 


Xo.of    Percentageof 
hours.       uric  acid. 


1  Double  uephrectomy.       48 

2  Both  ureters  liijated.        48 

3  "         "  ^  "  52 


.0016 


.002.5 
.0024 


Remarks. 
Kesidue  did 
not  respond 
to  murexide 
test. 


Normal  dog's 

blood. 

Percentage  of 

uric  acid. 


.0022 
.0014 


Kemarks. 

Residue  did 
not  respond 
to  murexide 

test. 


Average  of  results  :  Nos.  (1  to  3)  =  .0022. 

"         "         "        Normal  =.0018. 


Alcoholic  and  ethereal  extractives^ — A  moderate  increase  in  the 
alcoholic  and  ethereal  extractives  appears  to  be  a  feature  of  the  blood 
after  removal  of  both  kidneys.  Thus  the  average  of  fourteen  deter- 
minations on  the  blood  of  nephrectomized  dog's  gives  1.29  per  cent, 
while  the  average  of  thirteen  results   obtained  from  the  study  of 


"  Metltod:  After  the  removal  of  the  proteids  in  the  well-diluted  blood  by 
heat  and  acetic  acid,  the  method  emplojed  was  essentially  that  of  Salkowski 
modified  by  von  Schroeder.  See  Hoppe-Seyler's  Handbuch  d.  physiol.-  u. 
path.-chem.  Analyse,  p.  398,  Berlin,  1893. 

f  Method:  A  given  quantity  of  blood  is  treated  with  a  large  excess  of 
alcohol  and  allowed  to  stand.  The  precipitate  is  washed  with  hot  absolute 
alcohol,  and  afterwards  extracted  with  ether.  The  alcoholic  filtrate  and 
washings  are  evaporated  and  the  residue  extracted  and  washed  with  cold 
and  hot  absolute  alcohol.  The  combined  alcoholic  and  ethereal  residues 
are  dried  at  105°  C.  and  the  ash  deducted. 
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nomial  dog's  blood  gives  .95  per  cent  (Table  IV).  A  similar  mod- 
erate increase  is  often  observed  in  the  l)lood  of  fully  developed 
human  uraemia,  and  also  in  the  blood  in  some  infectious  conditions 
wliich  do  not  give  the  typical  clinical  evidences  of  uraemia.  The  alco- 
holic and  ethereal  extractives  include  in  larger  or  smaller  quantities 
fats,  cholesterin,  lecithin,  creatin,  urea  and  salts  of  hippuric  acid, 
sarco-lactic  acid  and  carbamic  acid,  sugar  and  xanthin  bodies. 

>TABLE  IV. — Alcoholic  and  Ethereal  Extractives  of  the  Blood. 


No. 


Nature  of 
experiment. 


1       Double  neplirectomy. 


4 
.5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


Both  renals  ligated. 
Both  ureters  liffated. 


No.  of 
hours. 

Percentafie 
alcoholic  and 

ethereal 
extractives. 

Normal 

dog's  blood. 

Percent,  ale.  and 

eth.  extractives. 

36 

1.02 

1.11 

40 

1.33 

1.10 

48 

1.13 

1.33 

48 

1.41 

1.03 

48 

.97 

.88 

48 

1.13 

.83 

48 

1.31 

.98     - 

52 

1.26 

.85 

52 

1..54 

.82 

52 

1.00 

.88 

60 

1.72 

.80 

72 

1.13 

.80 

72 

1.31 

.94 

82 

1.76 

36 

1.76 

45 

1.10 

Average  of  results  :     Nos.  (1-14)  z^:  1.29. 

"  "      (1-16)  — 1.80. 

"  "  Normal.       zr    .95. 

Ethereal  extractives.^ — The  percentage  of  increase  in  the  ethereal 
extractives  is  greater  than  that  of  the  combined  alcoholic  and  ethereal 
extract.  It  is  seen  in  Table  V  that  the  average  of  eight  results 
obtained  from  the  blood  of .  dogs  whose  kidneys  had  been  removed 
or  ureters  tied  is  .299,  which  is  more  than  double  the  average  result 
obtained  from   the   study  of   the   blood   of  six   normal  dogs.     The 


*  Method:  A  known  weight  of  blood  is  dried  and  a  given  quantity  of  the 
fiuel3'  powdered  residue  is  thoroughly  extracted  in  Soxhlet's  extraction 
apparatus.  The  extract  is  dried  at  105°  C.  and  weighed  and  the  ash 
deducted. 
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vihrvviil  rxtrnctivc.  ,,f  |,|o,k1  iiu-liul.'  ncutni!  fats  aii.l  .•liuL-sUTm, 
51S  Nvell  JUS  Icrithii.  iuid  siilts  of  liippuric-  ac-i.l,  and  p.»siMy  ..f  sarco^ 
lactic  and  carKaiuic  ai-id.s. 

T.\BI,E  v.  — Ktukuk.vl  Exthactivks  ok  thi;  Hlood. 


No. 

Nature  of  experiment. 

No.  of 
Hours. 

Percentage  of 
ethereal  extractives. 

Normal  dog's  iilood. 

Percentage  of  ethereal 

extractives. 

1 

Double  neprectomy. 

40 

.378 

.20(! 

0 

" 

48 

.308 

.104 

0 

"                  " 

52 

.295 

.144 

.    4 

"                  " 

52 

.320 

.180 

0 

" 

72 

.358 

090 

6 

'.' 

72 

.130 

.100 

' 

Both  ureters  ligated. 

48 

.270 

s 

"             "             " 

52 

.330 

Average  of  results:  Nos.  (1-6)  =  .298. 
"         "      (1-8)=:. 299. 
"         "         "  Normal  z=.  137. 

Total  proteids.''— The  total  proteids  of  the  blood  in  .^ix  iionnal  dogs 
yielded  an  averag-e  of  6.95  per  cent  of  the  constituents  of  the  blood 
(Table  VI).     The  average  percentage  of  the  total  proteids  in  seven 

TABLE  VI. — Total  Proteids  of  the  Blood. 


No. 
1 

Nature  of 
experiment 

Double  nephrectomy. 

No.  of 
hours. 

26 

Percentage  of 
total  proteids. 

6.49 

Normal  dog's  blood 
f'ercentage  of 
total  proteids. 

7.07 

2 

»i                 (1 

48 

9.54 

7.44 

3 

««                                   4( 

52 

6.61 

6.90 

4 

"                                   (( 

52 

8.82 

5.10 

5 

"                                  " 

52 

7.40 

7.11 

6 

7 

:;    ' :; 

72 
72 

7.38 
7.39 

8.09 

8 

Both  ureters  ligated. 

45 

6.55 

9 
10 

"                ti                u 

48 
52 

8.19 
6.40 

Average 

of 

results:  Nos.  (1-  7)i=7.66. 

"     (8-10)1=7.05. 

"     (1-10)  — 7.48. 
"                       Normal  1=  6.95. 

■  Method:  The  proteids  are  precipitated  m  large  excess  of  alcohol.  After 
standing  they  are  brought  upon  a  weighed  filter  paper,  washed  with  hot 
alcohol  and  ether,  dried,  weighed  and  the  ash  deducted. 
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cases  of  double  nephrectom}^  was  7.66  per  cent  and  7.05  per  cent  in 
the  case  of  three  dogs  in  which  double  ligation  of  the  ureters  was 
practised.  The  inference  seems  proper  that  the  percentage  of  the 
total  proteids  remains  unaltered  both  after  double  nephrectomy  and 
after  double  ligation  of  the  ureters. 

Fibrin.^— The  aA^erage  fibrin  yield  of  the  blood  of  eleven  normal 
dogs  was  .246  per  cent.  The  average  yield  from  seven  nephrec- 
tomized  dogs  was  .513  per  cent.  The  average  yield  from  three  dogs 
in  which  the  ureters  had  been  tied  was  .483  per  cent  (Table  YII). 
It  is  not  possible  at  present  to  account  satisfactorily  for  this  appar- 
ently constant  increase  in  the  fibrin  content  of  the  blood  after  double 
nephrectomy.  At  first  the  possibility  suggested  itself  that  the  in- 
crease might  be  the  result  of  the  simple  elimination  of  the  renal  func- 
tions, but  control  observations  have  failed  to  establish  this  idea.  In 
some  of  our  operations  there  was  moderate  hemorrhage.  It  is  known 
that  considerable  hemorrhage  is  followed  by  an  increase  in  the  fibrin 
content  of  the  blood,  and  the  question  arose  whether  the  increase  of 
fibrin  after  nephrectomy  might  not  deiDend  on  hemorrhage.  Several 
operations  were  then  done  with  great  care  to  avoid  hemorrhage.  The 
fibrin  content  of  the  blood  in  these  cases  was  as  high  as  in  the  case  of 
the  dogs  previously  nephrectomized.  As  various  infections  are  asso- 
ciated with  an  increase  of  fibrin,  and  as  streptococcus  infection 
occuri'ed  in  some  of  our  dogs,  it  seemed  possible  that  our  high  fibrin 
results  were  due  to  infection.  But  this  explanation  would  hold  true 
of  only  a  few  of  our  cases;  the  fibrin  content  of  the  blood  was  in- 
creased even  in  cases  where  infection  could  be  excluded.  It  was 
further  found  that  if  both  hind  legs  of  rabbits  were  removed  at  the 
knee,  the  fibrin  of  the  blood  was  distinctly  increased  on  the  third  day, 
even  when  hemorrhage  and  infection  were  absent.  Thus  from  one 
experiment  of  this  nature  the  fibrin  yield  was  .702  per  cent,  and  from 
another  .744  per  cent,  while  the  average  fibrin  yield  of  the  blood  of 
eight  normal  rabbits  was  .255  per  cent.     On  the  other  hand  a  simple 

*  MetTwd:  The  fibrin  estimations  were  made  by  the  method  of  Hoppe- 
Seyler,  see  Handbuch,  p.  410.  The  fibrin,  separated  by  beating  the  freshly 
drawn  blood,  is  thoroughly  washed  with  a  dilute  solution  of  sodium 
chloride,  then  Avith  water,  and  finally  ^vith  boiling  alcohol.  It  is  dried  at 
105°  C.  and  weighed.     Duplicate  analyses  gave  uniformlj^  concordant  results. 
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laparotomy  on  a  dog  was  not  followed  l>y  any  change  fruin  the  average 
lil'rin  content.  On  the  whole  it  seems  more  likely  that  the  increase 
in  the  fibrin  of  the  blood  after  nephrectomy  is  in  some  obscure  way 
connected  with  the  operation  to  which  the  animal  is  suljjected  rather 
than  to  the  elimination  of  the  renal  functions  2^67"  se. 

TABLE  VII. — FiiJHiN  FROM  the  Blood. 


Nature  of 
No.                             experlmeut. 

No.  of 
hours. 

Percentage  of 
llbrlu. 

Normal  dog's  blood. 

l-'erct'iitaKc  of 

llbrln. 

1                 Double  nephrectomy. 

48 

.4.57 

.201 

2 

48 

.430 

.162 

3                       " 

53 

.585 

.221 

4                       "                  " 

52 

.450 

.375 

5                       u                  .> 

.'j2 

.491 

.320 

6 

72 

.690 

.320 

7 

72 

.490 

.185 

S                 Both  ureters  liuated. 

45 

.600 

.200 

9 

48 

..530 

.279 

10 

52 

.320 

1 

.240 
.200 

Average  of  results :  Nos.  (1-  7)rz.513. 

"     (8-10)  zz. 483. 

"     (1-10) zz. 504. 

«<              '«                      Normal  zz. 246. 

Ash* — By  referring  to  Table  YIII  it  is  seen  that  the  average  of 
eight  estimations  of  the  ash  from  the  blood  of  nephrectomized  dogs 


TABLE  VIII.— Ash  of  the  Blood. 


No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 


Nature  of  experiment. 
Double  ueprectomy. 


Both  ureters  liyated. 


No.  of 

hours. 

ercentage  of ash 

Normal  dog's  blood. 
Percentage  of  ash. 

40 

.74 

.93 

48 

.91 

.83 

48 

.90 

.94 

52 

.96 

.48 

52 

.93 

.92 

52 

.72 

.64 

72 

.84 

72 

1.02 

45 

1.09 

48 

.99 

Average  of  results  :  Nos.  (1-8)  zz    .88. 

"     (9-10)=:L04. 

"        "  "  "     (1-10)3=    .91. 

"        "         "  Normal  zz     79. 


*  Method:    A    given    quantitj-    of    blood    is    dried    and    decarbonized    with 
access  of  air  over  a  Bunsen  burner;  the  residue  is  weighed. 
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is  .88  per  cent,  while  the  average  of  six  estimations  from  the  bl<iod 
of  normal  clogs  is  .79  per  cent.  These  results  would  seem  to  indi- 
cate an  increase  of  the  non-volatile  products  of  the  blood  in  the  case 
of  nephrectomized  animals.  The  diiference,  however,  is  so  slight, 
and  the  obseiwations  so  few,  that  one  is  not  justified  in  attaching 
much  importance  to  the  suggestion. 

TABLE  IX. — Sodium  and  Potassium  in  the  Blood. 


No. 

"Nature  of  • 
Experiment. 

No.  of 
Hours. 

Percentage 
of  Na.^u. 

Normal 

dog'sblood 

Percentage 

of  NaaO. 

No. 

Nature  of 
experiment. 

No.     f 
hours. 

percentage 

of  K2O. 

Normal 
dog's  Mood 
Perccntnge 

of  K.,0. 

Double  ne- 

Double ne- 

1 

phrectomy. 

36 

.334 

.280 

1 

nepreetomy. 

36 

.067 

.015 

3 

"         " 

40 

.156 

.273 

3 

40 

.028 

.026 

3 

"         " 

48 

.313 

.373 

3 

48 

.028 

.030 

4 

11                  14 

48 

.345 

.340 

4 

48 

.027 

.036 

5 

"                  ♦' 

.53 

.330 

.284 

5 

48 

028 

.032 

6 

il                  U 

53 

.365 

6 

48 

.034 

.015 

7 

a             a 

53 

.360 

7 

52 

.031 

.017 

8 

11             11 

60 

.181 

8 

52 

.031 

.029 

9 

11             11 

.72 

.305 

9 

53 

.033 

.027 

10 

Both  ureters 

73 

.285 

10 
11 

60 

73 

.030 
.033 

11 

ligated. 

45 

.396 

13 

73 

.035 

12 

11          11 

48    ■ 

.392 

13 

73 

.031 

13 

52 

.418 

14 
15 
16 
17 

Both  ureters 
ligated. 

45 
48 
52 

48 

.039 
.036 
.038    . 
.037 

Average  of  results:  Na^O,  Nos.  (  1-10)  z=  276. 

Na^O,     "     (11-13)  z=. 401. 

Na^O,  "  (  1-13)  :i:  .30.5. 
"         "         "        Normal,  Na„0  z=  .370. 

K.,0,   Nos.    (   1-13)  z=  .033. 

KjO,  "  (14-1 7)  z=.  033. 
"  "  "        K„0,      "       (    1-17)— ,033. 

Normal,   K.,0  .023. 


Sodium  and  potassium.^ — The  blood  from  ten  neplirectomizod 
dogs  gave  an  average  of  .276  per  cent  XanO,  and  three  dogs  whose 
ureters  had  been  tied  yielded  an  average  of  .401  per  cent  Na^O 
(Table  IX).     Estimations  on  the  blood  of  five  normal  dogs  showed 


*  Method:  A  given  quantity  of  blood  is  carbonized  in  presence  of  (NH4)3 
SO4.  The  residue  is  extracted  with  water,  and  a  mixture  of  BaCL  and 
Ba(0H)2  added.  The  barium  is  thrown  out  of  the  filtrate  with  (XHJXO3. 
The  method  of  procedure  is  as  usual.  The  weight  of  the  combined  chlorides 
of  sodium  and  potassium  is  obtained,  and  the  potassium  alone  is  weighed 
as  K..PtCl„. 


('.    A.    Ilci-Iri-   :iii(l    A.    .1.    \V:ik( mail  liiT 

an  avcraiic  of  .i*7(>  jh".'  ct'iit  XaX).  Il  is  iliii>  >c(ii  lliai  the  sudiimi 
Odiitcnt  of  tlu'  blood  of  ncpliivctoiiii/cd  dogs  is  alxtiit  tlic  saiuo  as  that 
found  in  normal  animals.  The  percentage  of  sodium  in  the  l>lood  of 
animals  whose  uretere  had  heen  tied  is  seen  to  be  considerably  higher 
than  the  nornial,  but  more  observations  are  needed  to  detenriine 
whether  this  is  regularly  the  case. 

As  regards  the  potassium  content  of  the  blood,  there  is  found  a 
slight  increase  in  the  case  of  dogs  whose  kidneys  have  been  removed 
or  ureters  ligated.  Thus  the  average  yield  from  the  study  of  tlie 
blood  of  thirteen  nephrectoniized  dogs  is  found  to  be  .033  per  cent 
KoO,  and  from  four  dogs  whose  ureters  had  been  tied  the  value  is  the 
same.  The  blood  of  nine  normal  dogs  yielded  an  average  of  .023  per 
cent  KoO. 

TABLE  X. — Pnospnouic  Ann  in  tiik   Bi.ood. 

Normal  dog's  blood. 
Nature  of  No.  of  Percentage  Percentage 

No.  experiment.  hours.  ofPs^*!.-  PjOs. 

1  Double  nephrectomy.  48  .100  .111 

.068 

3  "  "  52  .144  .064 

4  "  "  72  .11.5  .063 

Both  ureters  lii^ated. 


Average  of  results;  Nos.  (l-o)  —.128. 

"  "  "     (6-8)  rz  .07.5. 

"     (l-8)zr.l06. 

"  "  Normal  zz  .07(5. 

Phosphoric  acid."^ — The  study  of  the  blood  of  five  nephreetomized 
dogs  yielded  an  average  of  .128  per  cent  PoOr,.  From  three  dog-s 
whose  ureters  had  been  tied  an  average  of  .075  per  cent  P2O5  was 
obtained.  The  average  from  the  study  of  the  blood  of  four  nomial 
dogs  was  found  to  be  .076  per  cent  PoO,  (Table  X).     These  results 

"^  Method:  A  Aveighed  amount  of  blood  is  decarbonized  by  aid  of  HXO3. 
The  phosphates  in  HXO3  are  precipitated  with  molybdic  acid  mixture.  The 
precipitate  is  filtered  olf  and  waslied  and  dissolved  in  (NHJOH.  The  phos- 
phates are  again  precipitated  with  "  Magnesia  Mixture,"  and  finally 
weighed  as  Mg2P207. 


No.  of 
hours. 

Percentage 
of  PsC).;. 

48 

.100 

52 

.134 

52 

.144 

72 

.115 

72 

.145 

45 

.066 

48 

.081 

52 

.077 
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suggest  an  increase  of  the  salts  of  phosphoric  acid  in  the  blood  of 
nephrectomized  dogs — a  suggestion  borne  out  by  the  study  of  the 
potassium  content  of  the  blood,  as  well  as  the  ash,  before  and  after 
nephrectomy. 

Muscle,  liver  and  brain.- — The  results  recorded  in  Table  XI  repre- 
sent the  percentage  of  nitrogen  obtained  by  the  action  of  sodium 
hypobromite  in  alkaline  solution  upon  the  alcoholic  extractives  of  the 
various  organs.* 

In  the  case  of  the  muscle  it  is  seen  from  the  average  of  a  number  of 
observations  that  the  nitrogen  evolved  by  the  action  of  sodium  hypo- 
bromite upon  the  alcoholic  extractives  after  nephrectomy  is  four  to 
five  times  as  great  as  that  obtained  from  the  alcoholic  extractives  of 
normal  dog's  muscle.  A  still  gi-eater  increase  is  noticeable  in  the 
case  of  the  liver.  Thus  the  alcoholic  extractives  of  the  liver  after 
nephrectomy  liberate  about  nine  times  as  much  nitrogen  as  the  alco- 
holic extractive  of  the  normal  liver.  The  few  observations  on  the 
brain  show  the  same  marked  increase. 

While  no  attempt  was  made  to  establish  the  identity  of  the  sub- 
stance or  substances  which  contribute  to  the  increased  liberation  of 
nitrogen  after  nephrectomy,  it  is  fair  to  suppose  that  the  increase  was 
due  to  the  accumulation  of  urea.  This  view  is  borne  out  by  the  fol- 
lowing experiment.  Into  the  femoral  vein  of  a  dog  weighing  43 
pounds,  whose  kidneys  had  been  removed,  220  cc.  of  a  25  per  cent 
urea  solution  were  injected  at  the  rate  of  20  cc.  per  minute.  The 
animal  was  bled  to  death  immediately  after  injection  and  the  muscle, 
freed  from  blood,  gave  .066  per  cent  X  when  the  alcoholic  extract 
was  acted  upon  by  sodium  hypobromite.  Muscle  cut  from  the  animal 
before  injection  gave  .036  per  cent  I^s".  The  increase  here  is  clearly 
due  to  urea,  since  the  other  muscle  extractives  during  the  short  time 
involved  would  remain  fairly  constant,  f 

*  The  method  of  obtaining  the  alcoholic  extractives  preparatory  to  the 
action  of  sodium  hypobromite  was  similar  to  that  pursued  in  the  estimation 
of  urea  in  blood.     (See  foot-note,  p.  119.) 

tin  another  case  Avhere  a  similar  experiment  was  made,  but  in  which  the 
rate  of  infusion  was  much  slower  (2  cc.  per  minute),  the  urea  rose  to 
.648  per  cent  in  the  muscles,  to  .80S  per  cent  in  the  liver  and  to  .593  per 
cent  in  the  brain. 


C.  A.  Herter  and  A.  J.  Wakoimiii 
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The  results  from  the  organs  of  nephrectomized  dogs  are  mainlv 
interesting  when  compared  with  the  results  similarly  obtained  from 
the  organs  of  normal  dogs.  It  is  doubtful  whether  the  nitrogen 
derived  from  the  normal  organs,  especially  in  the  case  of  the  muscle, 
is  due  to  the  presence  of  m"ea.  Thus  Xencki  and  Kowarski*  by  em- 
ploying phosphotungstic  acid  as  a  precipitant  in  the  aqueous  extract 
of  large  quantities  of  dog's  muscle,  obtaining  an  alcoholic  extract, 
and  eventually  applying  a  delicate  color  test  by  the  use  of  orthonitro- 
benzaldehyde  and  phenylhydrazin,  arrived  at  the  conclusion  that  urea 
is  not  a  normal  constituent  of  the  muscle. 

Few,  if  any,  of  the  nitrogenous  extractives  except  urea  are  wholly 
decomposed  with  liberation  of  nitrogen  by  the  action  of  alkaline 
hypobromites,  and  upon  most  of  the  nitrogenous  extractives  the 
action  of  sodium  hypobromite  with  liberation  of  nitrogen  is  slight. 
This  favors  the  view  that  the  increased  nitrogen  after  nephrectomy 
is  due  to  urea. 

^  Arch.  f.  ci-p.  Path.  u.  Phanii.,  1895,  xxxvi,  395. 


ox  TUK  IXFLrKXCK  OF  FASTIiNCi  I  PON    TllF  BACTERl- 
(  IDAL  AOTIOX  OF  THE  BLOOD. 

By  S.  J.  MELTZEE.  M.  D.,  and  CHARLES  NORIUS,  M.  D. 
{From    tlic  PluisioJiifimtJ  uud  the  Pafhufof/ical  DciKirtmcnts  of  Cohimhia   Univer- 
sity, CoUciic  of  Phi/sic'Kins  and  ^iir<jcons.) 

In  the  following  -we  shall  report  the  results  of  some  experiments 
Avhicli  we  have  made  to  ascertain  the  influence  of  fasting  upon  the 
hactericidal  action  of  the  blood.  We  were  led  to  this  line  of  experi- 
mentation bv  the  casual  observation  made  in  our  investigation  of  the 
bactericidal  action  of  the  lymph  from  the  thoracic  duct  of  the  dog,* 
that  our  parallel  experiments  with  the  blood  did  not  show^  such  an 
intense  germicidal  effect  as  most  other  writers  on  this  subject  had 
observed.  It  occurred  t»^  us  that  the  weaker  bactericidal  action  ob- 
ser^^ed  by  us  may  have  been  due  to  the  fasting  of  our  animals.  In 
order  to  compare  satisfactorily  the  number  of  colonies  in  the  different 
plates,  w^e  had  to  obtain  lymph  free  from  the  misleading  fine  droplets 
of  chyle,  and,  therefore,^  our  dogs  were  allo^ved  to  fast  for  30  to  40 
hours  previously  to  their  being  operated  upon.  The  investigations  of 
other  writers  have  not  had  this  motive,  and  we  may  presume  that 
in  their  experiments  the  blood  w^as  obtained  within  a  few  hours  after 
feeding  the  animals. 

The  assumption  that  inanition  might  reduce  the  bactericidal  action 
of  the  blood  seemed  to  us  plausible  for  the  following  reasons: 
It  is  now  generally  conceded  that  the  bactericidal  powers  of  the  blood 
are  generated  in  some  way  by  the  leucocytes.  The  hyperlevicocytosis 
of  digestion  is  a  well  established  fact,  and  on  the  other  hand,  Lucianif 
found  in  a  fasting  hmnan  being  (Succi)  and  Riederij:  in  fasting  dogs 
a  marked  hypoleucocytosis.  It  is  therefore  reasonable  to  assume  that 
the   bactericidal    elements   are   increased   also   during   digestion,   and 

*  Meltzer  and  Xorris,  Journal  of  Experimental  Medicine,  1897,  ii.  701. 

t  Luciani,  Das    Hungern.  Hamburg-  and   Leipzig-,   1890. 

%  Rieder,  Beitriige  zur  Kenntniss  der  Leukocytose  u.  s.  w.     Leipzig,  1892. 
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decreased  in  a  state  of  inanition.  Furthermore,  if  we  consider  the 
bactericidal  elements  as  the  natural  protectors  of  the  body  against 
infection  our  hypothesis  wonld  coincide  with  the  generally  acknowl- 
edged fact,  that  a  poorly  nourished  body  is  more  apt  to  be  attacked  by 
an  infectious  disease  than  a  well-fed  one,  a  fact  which  finds  support 
in  the  experiments  of  Canalis  and  Morpurgo,*  showing  that  starving- 
pigeons  lose  their  natural  immunity  from  the  infection  with  anthrax 
bacilli. 

To  test  the  validity  of  this  hypothesis  was  the  object  of  our  experi- 
ments. We  restricted  our  experiments  to  dogs  and  the  typhoid 
bacillus.  The  blood  was  obtained  under  the  usual  precautions  either 
from  the  femoral  or  the  carotid  arteries  under  cocaine  anaesthesia. 
The  comparisons  were  made  between  specimens  of  blood  from  the 
same  dog  and  similar  arteries  under  different  conditions  of  feeding. 
Serum  and  blood  defibrinated  by  shaking  with  glass  beads  were  exam- 
ined in  each  experiment.  The  bactericidal  power  was  studied  by  the 
Buchner  method,  i.  e.  a  quantity  of  blood  or  serum  was  inoculated 
with  the  typhoid  bacillus;  from  this  plates  were  made  immediately 
after  inoculation,  and  then  one  hour,  two  hours,  etc.,  after  inoculation 
other  plates  were  made,  and  the  number  of  colonies  on  the  different 
plates  counted.  In  some  of  the  experiments  two  series  of  obseiwations 
were  made;  one  with  serum  kept  at  37°  C,  the  other  with  serum  kept 
at  room  temperature.  We  were  often  compelled  by  outside  reasons 
to  keep  the  blood  two  days  or  longer  in  the  ice-box  before  the  bac- 
tericidal power  could  be  tested,  but  then  with  few  exceptions  the 
blood  of  the  well-fed  and  of  the  fasting  animal  were  kept  under 
exactly  the  same  conditions. 

Exp.  B\  Medium-sized  male  dog.  Fed  twice  daily  for  two  days. 
]S"ov.  4,  a  few  hours  after  feeding,  blood  was  taken  from  the  right 
femoral  artery.  The  defibrinated  blood  and  the  serum  were  kept  in  the 
ice-chest  for  3  days,  then  inoculated  and  plated  Avith  the  following 
result: 

4  days. 
40000 
*  Canalis  and  Morpurgo,  Fortschr.  d.  Med.,  1S90,  viii,  693  and  729. 


37°  C. 

Immediate. 

Ihr. 

6X  hrs. 

25  hrs. 

Blood 

5899 

43 

4 

34916 

Serum 

1499 

90 

0 

29 

S.   J.    Mc-ltzer  and  Charles  Xorris  1:53 

Exp.  B\  The  same  dog.  alter  lasting  for  live  days,  on  Nov.  9  (pre- 
vious wound  having  healed  per  priam)  was  operated  upon  and  blood  was 
taken  from  the  left  femoral  artery.  Blood  and  serum  kept  in  ice-box 
for  20  hours,  then  inoculated  and  plated. 

S7^  C.  Immediate.  1  hr.  8K  hrs.  25  hrs. 

Blood  3445  1197  60  6169 

Serum  2310  496  60  13093 

In  this  experiment  there  seems  to  be  a  slight  diiTerence  in  favor 
of  the  blood  from  the  ^vell-fed  animal,  although  it  was  kept  longer  in 
the  ice-box  than  the  blood  from  the  fasting  animal. 

Exp.  C\  Small  female  dog  fed  a  few  hours  before  operation,  Xov. 
IT;  blood  taken  from  the  right  femoral  artery:  blood  and  serum  kept 
40  hours  in  ice-chest,  then  inoculated  and  plated. 


3:°c. 

Immediate. 

Ihr. 

8K  hrs. 

6><  hrs. 

•Ji  hrs. 

Blood 

3316 

169 

9 

4 

37 

Serum 

689 

79 

19 

15 

194 

21°  C. 

Blood 

1013 

.567 

265 

69 

9 

Serum 

625 

418 

116 

90 

13 

Exp.  C'.  Xov.  22  from  the  same  dog,  the  previous  wound  having 
healed,  fasting  (without  water)  since  the  first  operation,  blood  was  taken 
from  left  femoral  artery;  the  blood  and  serum  were  kept  48  hours  in 
ice-box.  then  inoculated  and  plated. 


37=  C. 

Immediate. 

Ihr. 

SJ<  hrs. 

6  hrs.     . 

24  hrs. 

Blood 

4086 

583 

43 

8 

81 

Serum 

5633 

1155 

123 

4 

390 

21°  C. 

Blood 

3079 

1706 

67S 

413 

18.5. 

Serum 

5194 

2234 

1303 

483 

6S 

In  this  experiment  there  is  apparently  no  difference  between  both 
kinds  of  blood  and  serum.  Six  hours  after  inoculation  at  37°  C,  there 
is  about  the  same  reduction  in  all  the  specimens  of  the  blood  and 
the  serum,  though  there  was  a  higher  initial  number  of  colonies  in 
the  blood  and  the  serum  taken  from  the  staiwed  animal.  The  fasting 
apparentlv  did  not  reduce  the  bactericidal  power  of  the  blood. 

Exp.  D\  Large  dog  fasted  five  days,  no  water:  Dec.  1  blood  was 
obtained  from  right  femoral  artery,  blood  and  serum  kept  on  ice  for 
4  days,  then  inoculated  and  plated. 
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S7°C. 

Immediate. 

1  hr. 

3  hrs. 

6  hrs. 

Blood 

3831 

573 

84 

14 

Serum 

3046 

471 

104 

21 

21°  C. 

Blood 

2814 

1653 

922 

336 

Serum 

1552 

1701 

662 

381 

3  days. 


651 


Bap.' D'.  The  same  dog  well  fed  since  last  operation,  Dec.  17,  blood 
from  left  femoral  artery,  blood  and  serum  1  days  in  ice-chest,  then  inocu- 
lated and  plated. 


'37°  C. 

Immediate. 

1  hr. 

S  hrs. 

-  (ihrs. 

2S  hrs. 

Blood 

1807 

286 

81 

23 

00 

Serum 

954 

265 

54 

3 

00 

21°  C. 

Blood 

1219 

948 

579 

286 

328 

Senrm 

3768 

588 

445 

312 

1817 

In  this  experiment  the  dog  fasted  first  and  was  then  fed  well  for 
over  two  weeks  before  blood  was  again  taken;  the  result  obtained  was 
the  same  as  in  the  foregoing  experiments,  and,  to  say  briefly,  as  in 
all  the  previous  experiments.  Our  hypothesis  did  not  stand  the  test 
of  the  experiments;  these  have  shown  conclusively  that  five  days' 
fasting  did  not  affect  the  bactericidal  power  of  the  blood  as  tested 
with  the  typhoid  bacillus,  in  the  slightest  degree.  There  seemed  to 
be  no  difference  in  the  bactericidal  action  of  the  blood,  no  matter 
whether  it  was  taken  from  a  well-fed  or  even  over-fed  dog  or  from  an 
animal  in  a,  state  of  complete  inanition. 

We  might  perhaps  explain  this  surprising  fact  in  the  following 
manner:  According  to  Buchner  the  degree  of  the  bactericidal  action 
of  the  body-fluids  depends  upon  two  opposing  factors;  the  alexines, 
which  are  generated  by  the  leucocytes,  and  the  nutritive  character  of 
the  fluid.  There  can  be  no  question  that  fasting  impoverishes  the 
blood.  If  w^e  now  assume  that  feeding  or  fasting  increases  or  dimin- 
ishes the  nutritive  capacity  of  the  blood  to  the  same  degree  as  hyper- 
or  hypoleucocytosis  is  obtained,  it  would  then  be  quite  natural  that 
the  bactericidal  action  should  always  remain  the  same,  for  when 
numerator  and  denominator  are  multi|)lied  or  divided  by  the  same 
number,  the  value  remains  unchanged. 

As  to  any  apparent  incompatibility  of  our  results  with  the  common 
assum])tion  that  inanition  favors  infection,  we  must  in  the  first  place 


1 


S.   J.    .Mclt/.cr  and   (  harlcs  Xorris  115.") 

boar  ill  iiiiiul  that  our  present  results  apply  onlv  to  the  hacterieidal 
action  of  the  blood  of  the  dog  upon  the  typhoid  bacillus;  with  other 
animals  and  with  other  microorganisms  the  conditions  may  be  dif- 
fi'rent.  ( 'analis  and  Morpurgo  could  not  by  starvation  influence  the 
imiuunity  of  the  rat  from  anthrax,  although  the  immunity  of  the 
pigeon  was  abolished.  On  the  other  hand  the  bactericidal  properties 
of  the  blood  ai*e  not  the  only  defensive  elements  of  the  body  against 
infection.  Other  factors,  notably  the  body  cells,  are  conceinied,  and 
it  may  well  be  that  the  powers  of  resistance  of  the  latter  may  suffer 
to  a  considerable  measure  through  the  starvation  of  the  animal. 


GLYCOSURIA  IX  DIPHTHEKIA. 

By  CLEON  MELVILLE  HIBBARD  *  A.  M.,  M.  D.. 
Late  First  Asftistant  Resident  Physician,  Boston  Ci-ty  Hospital, 

AND 

MICHAEL  J.  :vlOnRISSEY,  'SI.  D.,  of  Boston. 

The  occmTonce  of  a  transitory  glycosuria  in  diphtheria  has  been  noted 
by  only  a  few  observers.  Sannef  in  his  monograph  on  di]5htheria  says: 
"The  analyses  made  by  Fonris  to  determine  the  presence  of  sugar  (in 
the  urine)  have  given  only  negative  results."  Dickinson]:  reports:  ''  I 
have  examined  niany  cases  of  croup  in  which  the  breathing  has  reached 
the  extreme  of  difhculty  without  finding  a  trace  of  sugar  in  the  urine, 
with  one  exception— a  girl  seven  years  old."  Simong  in  his  Clinical 
Diagnosis  speaks  of  transitory  glycosuria  in  diphtheria.  In  a  personal 
letter  Dr.  Simon  says:  ''A  few  years  ago  while  examining  a  series  of 
urines  with  the  pheuylhydrazin  test  I  accidentally  came  across  a  urine 
from  a  case  of  diphtheria  in  which  the  osazon  needles  were  present  in 
fairlv  large  numbers.  Two  years  ago  I  had  occasion  to  examine  the 
urine  of  thirty-two  cases  of  diphtheria,  all  of  which  were  of  moderate 
severity.  A  positive  reaction  was  obtained  with  the  phenylhydrazin  m 
four.  Three  of  these  four  were  treated  with  antitoxin.  The  amount 
of  sugar  in  each  case  was  small  and  persisted,  if  I  remember,  only  one 
to  two  days."  A  Eumbold|l  remarks  that  in  diphtheria  during  con- 
valescence glycosuria  has  been  demonstrated  on  rare  occasions,  but  gives 

*Dr.  Hibbard  died  as  the  result  of  an  elevator  accident  in  St.  Louis  in 
July,  1S9S. 

He  was  graduated  from  the  Harvard  :Medical  School  in  1S95  and  subse- 
quently served  for  two  years  as  Assistant  Resident  Physician  in  the  South 
Department  of  the  Boston  City  Hospital.  He  published  several  valuable 
contributions  to  our  knowledge  of  the  infectious  diseases  of  children.  He 
was  an  enthusiastic  and  untiring  student,  who  gave  promise  of  unusual 
success  as  a  clinical  investigator. — W.  T.  C. 

t  Gillis'  English  translation,  1SS6,  p.  185. 

tW.  H.  Dickinson.  Diseases  of  the  kidney  and  urinary  derangements, 
Pt.  I;  Diabetes,  p.  20,  London.  1ST5. 

§  Charles  E.  Simon.     A  manual  of  clinical  diagnosis,  p.  369.     Philadelphia 

and  New  York,  1896. 

II  Trie»».  klin.  Wocliensclir.,  1894,  p.  S3. 
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no   reference   and    no   oliservations.     Coleman*    speaks   of   a  transitory 
glycosuria  in  dijihtlieria. 

Panl  Binetf  found  in  diphtheria  a  positive  reaction  with  the  phenyl- 
hvdrazin  test  in  29  out  of  TO  casfs.  Dividing  these  into  mild  and  severe 
forms,  there  were  32  of  the  former  with  only  2  positive  reactions,  while 
of  the  38  severe  cases  there  were  27  with  positive  result.  Of  19  cases  of 
larvngeal  diphtheria  11  showed  the  characteristic  osazon  crystals.  With 
Fehling's  test  37  of  the  70  cases  gave  a  green  or  a  gTeenish-yellow  reac- 
tion.    The  glycosuria  was  frequently  associated  with  albuminuria. 

The  following  observations  are  the  result  of  about  one  thousand 
analyses  of  the  urine  for  sugar  bv  Fehling's  test  from  diphtheria  pa- 
tients of  the  South  Department  of  the  Boston  City  Hospital  from 
October  1,  1897,  to  January  1,  1898.  Specimens  of  urine  were  exam- 
ined from  all  old  patients  in  the  wards  and  from  new  ones  as  they 
were  admitted.  The  analyses  were  made  every  three  to  five  days. 
A  daily  test  was  usually  made  in  those  cases  that  sho^ved  a  positive 
reaction  or  were  very  sick. 

Tests. — Fehling's:  7  cc.  of  the  mixed  solution  were  boiled  in  a  test 
tube  and  to  this  4  cc.  of  cold  urine  were  added.  If  the  urine  contained 
albumin,  this  was  first  separated  by  heat  and  filtration.  The  urine  and 
Fehling's  solution  were  well  shaken  and  allowed  to  stand  until  the  next 
day  without  further  heating.  The  presence  of  a  yellowish  precipitate 
in  the  bottom  of  the  tube  was  considered  as  a  positive  reaction.  In  any 
instance  where  there  was  any  question  as  to  the  result  of  the  reaction 
it  was  called  negative. 

Most  of  the  positive  results  with  Fehling's  method  were  confirmed 
by  the  plienylhydrazin  test,  which  was  performed  in  these  observations  in 
the  following  manner:^  To  7  cc.  of  filtered  urine,  free  from  albumin, 
3  or  4  drops  of  plienylhydrazin  and  the  same  quantity  of  50  per  cent 
acetic  acid  were  added.  The  mixture,  after  being  well  shaken  in  a 
test  tube  and  kept  in  a  water  bath  for  at  least  one  hour,  was  allowed  to 
settle  until  the  next  day.     The  brownish  sediment  was  examined  under 

"  Article  on  Diabetes  in  Loomis  and  Thompson's  System  of  Practical  Medi- 
cine by  American  Authors.  ^  ol.  iii,  j).  829,  Xew  York  and  Philadelphia, 
1898, 

t  Rev.  med.  de  Ja  Sui^sse  Rain.,  1892,  xii.  69. 

X  Foster's  Phj'siolog-y,  part  v,  p.  104. 
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the  inicro!?fOi)i'  and  llic  |iicsriu'e  of  the  cliai'ai.-tcrist ic  |)licnylglucosazon 
cnstals  iiKuk'  a  j)usiti\('  reaction.* 

In  tlic  folldwinii'  analyses  onlv  tliose  cases  that  iiave  a  positive 
result  both  by  Fehling's  and  by  the  phenylhydrazin  tests  were  con- 
sidered as  instances  of  glycosuria.  Doubtless  many  of  the  urines,  not 
in  the  table,  which  reduced  the  copper  solution  contained  glucose, 
Init  for  various  reasons  the  ])lienylliy<lrazin  test  was  not  applied  to 
some  of  them. 

Table  I  gives  the  results  of  Fehling's  tests  in  230  cases  of  diph- 
theria, in  all  of  which  the  Klebs-Loeffler  bacillus  was  found.  Some 
of  these  patients  were  well  along  in  convalescence;  other  urines  were 
examined  only  once  or  twice.  The  cases  are  classified  according  to 
the  presence  or  absence  of  pseudo-membrane  and  its  location. 

TABLE  I. — Results  of  Fehlixg's  Test. 
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23 
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98 
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8 
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33 
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9 
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83 
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17 
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Tonsils  and  nose 

33 
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19 

10 

53 

5 

4 

80 

24 

14 

58 

Nose  and  larvnx 

5 

3 

60 

1 

1 
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6 

4 

67 

Tonsils, nose  and  larynx 

3 

2 
39 

66 
19 

4 

4 

100 

r* 

6 

86 

Total' 

208 

22 

17 

77 

230 

56 

25 

It  is  seen  that  in  the  cases  without  false  meml)rane  there  w^as  no 
positive  reaction,  and  that,  in  general,  the  more  extensive  the  mem- 
brane, the  more  frequently  a  positive  reaction  was  found.  A  reaction 
was  noted  in  19  per  cent  of  the  recoveries,  in  77  per  cent  of  the  fatal 
cases  and  in  25  per  cent  of  all  the  cases. 

In  a  second  series  of  98  cases  the  positive  reactions  by  f  ehling's 

*We  wish  to  thank  Dr.  .7.  Bergen  Ogden,  Assistant  in  Clinical  Patholog-y 
in  the  hospital,   for  his  help  and  advice  m  these  observations. 
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method  were  confirmed  by  tlie  j)licnylhvdrazin  test.  These  analyses 
were  begim  during  the  first  week  of  the  patient's  stay  in  the  hospital, 
and  were  followed  for  at  least  a  fortnight  by  as  many  as  three  exam- 
inations. In  other  words,  those  cases  of  Table  I  are  omitted  in  which 
a  reaction  by  Fehling's  test  was  not  confirmed  by  phenylhydrazin,  and 
also  those  not  examined  within  the  first  week  of  the  illness. 


TABLE  II Results  of  Fehling's  and  the  Phentlhtdrazin  tests. 
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60 
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3 
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100 

Tonsils, nose  and  larynx 
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66 
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25 
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88 
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34 

Table  II  shows,  in  an  even  more  marked  degree,  the  same  results 
as  those  in  Table  I,  and  also  that  a  transitory  glycosuria,  of  at  least  as 
much  as  0.5  gramme  of  glucose  to  the  litre  of  urine,*  is  not  at  all 
uncommon  in  the  course  of  diphtheria.  There  were  15  cases  which 
gave  a  positive  Fehling's  reaction  that  are  omitted  from  Table  II, 
as  a  phenylhydrazin  test  for  some  reason  was  not  made;  so  that  the 
percentage  given  is  doubtless  too  low.  The  greater  the  surface  in- 
volved by  the  diphtheritic  process  the  greater  the  frequency  of  sugar. 
Again,  a  glycosuria  is  three  times  as  common  in  the  fatal  cases  as  in 
those  that  recover. 

The  time  at  which  Fehling's  test  was  first  positive  varied  from  the 
second  to  the  eighteenth  day.  In  35  cases  a  positive  reaction  was 
found  on  the  first  analysis,  and  in  21  on  the  second,  or  on  some  subse- 

*  F.  D.  Beaue.  The  comparatiAe  clinical  value  of  several  tests  for  glvicose 
in  the  urine,     l^ew  York  Med.  Jour.,  1893,  Ivii,  13. 
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qiient  exaiiiiiiati<>]i.  In  two  t'ar^c.'^  five  negative  results  were  obtained 
before  a  positive  one.  In  the  44  positive  eases  that  were  tested  l>y 
Pehling's  solution  within  the  fii'st  week  of  the  illness,  the  reaction 
Avas  found  within  that  time  in  all  but  8,  and  in  the  latter  it  was 
obtained  during-  the  second  week.  In  one  instance  after  a  reaction 
had  appeared  on  the  eighth  day  it  was  followed  by  six  negative  results, 
and  then  on  the  twenty-first  day  by  another  positive  reaction,  con- 
fimied  by  the  phenylhydrazin  test.  In  another  case  after  a  glyco- 
suria had  been  shown  with  Fehling's  solution,  and  again  on  the 
seventh  and  fourteenth  days  three  negative  results  followed;  a  posi- 
tive result  appeared  on  the  twenty-second  and  twenty-sixth  days,  and 
a  negative  on  the  twenty-eighth  day. 

The  duration  of  the  glycosuria  varied  from  one  day  to  several 
weeks.  Seven  patients  left  the  hospital  with  sugar  still  present  in 
the  urine.  In  a  case  of  unresolved  pneumonia,  following  a  triple 
attack  of  laryngeal  diphtheria  that  had  been  in  the  hospital  for  five 
months,  glycosuria  was  found  on  ten  successive  analyses  during  the 
sixth  month  of  the  illness. 

An  immediate  reaction  with  Fehling-'s  test  occurred  16  times  in  the 
66  positive  cases.  In  the  others  the  reaction  was  seen  at  the  end  of 
24  hours.  In  three  cases  the  immediate  reaction  was  observed  from 
one  to  three  days  after  one  that  appeared  only  at  the  end  of  a  day. 
There  were  three  quantitative  estimations  with  Fehling-'s  solution, 
with  the  following  results:  1.5,  2,  and  3.3  per  cent,  the  first  two  of 
these  being  in  fatal  cases.  Of  the  16  patients  with  an  immediate 
reaction  eight  or  50  per  cent  died.  It  would  thus  seem  that  an  imme- 
diate reaction  with  Fehling's  test  is  of  serious  prognostic  import,  more 
_so  than  the  presence  of  albumin  in  the  urine  of  a  diphtheria  patient. 

The  relation  of  glycosuria  to  albuminuria  is  shown  in  Table  III, 
which  gives  the  number  of  cases  in  which  the  reaction  for  sugar  was 
absent,  the  number  in  which  it  was  obtained  and  the  percentages. 

TABLE    III. — Relation  of  Gltcosukia  to  Albcmixcria. 

Albumin.                              No  sugar.  Sugar.                Percentage. 

None 5S  0                         0 

Slight  trace 139  16                       10 

Distinct  trace 25  11                       31 

0.125  per  cent  or  more 2  8                       80 
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These  results  confirm  the  obsei-^'ation  of  Binet  that  the  glycosuria  of 
diphtheria  is  usually  associated  with  albuminuria,  without  there  being 
necessarily  any  definite  relation  between  them,  and  also  that  sugar  is 
oftener  present  in  the  severer  eases  of  albuminuria. 

Some  additional  obsen'ations  on  scarlet  fever  both  with  and  with- 
out diphtheria  were  made  by  Mr.  C.  H.  Dean,  the  clinical  clerk  in 
the  scarlet  fever  wards,  who  made  920  Fehling's  tests  in  129  cases  of 
scarlet  fever.  Of  93  patients,  in  whom  no  diphtheria  bacilli  were 
found,  16  gave  positive  reaction  once.  One  of  these  patients  was 
pregnant,  and  therefore  this  case  should  be  eliminated,  as  the  reduc- 
tion was  probably  due  to  lactose,  the  phenylhydrazin  test  giving 
phenyllactosazon  crystals.  This  makes  the  positive  reactions  about 
16  per  cent.  4  patients  had  such  suspicious  looking  membranes  that 
they  received  antitoxin,  and  the  urine  of  3  of  these  gave  a  yellow 
reaction.  Of  36  cases  of  scarlet  fever  with  positive  cultures  of  diph- 
theria bacilli  from  the  nose  or  throat,  11  or  about '30  per  cent  gave  a 
positive  reaction.  In  the  last  series  of  37  cases,  17  received  anti- 
toxin and  6  (tf  these  showed  a  reduction  of  the  copper,  which  gives 
about  the  same  percentage  of  reactions  as  in  the  cases  which  did  not 
receive  antitoxin.  All  the  positive  results  in  scarlet  fever  occun-ed 
only  once,  save  in  3  cases  which  also  had  diphtheria.  In  one  the 
reaction  appeared  on  two  occasions  with  an  inter\'al  between  them  of 
22  days.  In  the  other  case  it  was  found  on  three  successive  exam- 
inations during  a  period  of  10  days.  In  the  third,  a  fatal  case,  it  was 
present  in  the  last  two  days  of  life.  It  is  to  be  regretted  that  these 
reactions  were  not  confirmed  by  the  phenylhydrazin  test. 

In  the  scarlet  fever  patients  who  also  had  diphtheria  bacilli,  the 
percentage  of  positive  reactions  was  about  twice  that  found  in  scarlet 
fever  alone.  This  observation  would  seem  to  indicate  that  the  exist- 
ence of  diptheria  is  a  causal  factor  in  the  production  of  a  reducing 
agent  in  the  urine. 

Eliminating  the  case  of  lactosuria,  there  were  21  scarlet  fever 
patients  who  received  antitoxin,  and  107  who  did  not,  with  9  positive 
reactions  or  43  per  cent  in  the  former,  and  17  reactions  or  16  per 
cent  in  the  latter.     In  other  words,  a  reaction  was  over  two  and  a 
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half  times  more  fro(]iioiit  in  tliosc  jiaticMits  wlm  rt'ccivcil  aiilitoxin  lliaii 
in  those  who  did  imt.  I-'roiii  tliis  it  AVduld  appear  that,  the  adiiiinit-ira- 
tion  of  antitoxin  oontrihnted  to  the  formation  of  a  snhstanee  in  the 
nrine  ^vhieh  reduces  tlie  eopper  in  Fehling's  solution. 

9  eases  of  measles  Avere  examined  several  times  hy  Fehling's  test, 
each  with  negative  results,  save  iu  one  instance,  a  ])atient  who  was 
nursing-  a  child.  The  reduction  here  was  doubtless  due  to  lactose,  as 
no  reaction  was  obtained  with  the  phenylhydrazin  test. 

In  sixty-eight  eases  of  tonsillitis  the  urine  was  examined  on  one 
or  more  occasions.  A  ]itisitive  result  was  obtained  only  once,  but 
unfortunately  in  this  instance,  no  confirmatory  phenylhydrazin  test 
was  made. 

As  almost  every  diphtheria  patient  received  more  or  less  antitoxin 
the  question  arose,  AVas  this  method  of  treatment  responsible  for  the 
transitory  glycosuria  found  in  our  patients?  In  order  to  clear  up 
this  point  the  urine  of  20  patients  who  had  false  membrane  and  the 
Klebs-Loeffler  bacillus  was  examined  prior  to  the  serum  injection  with 
the  following  results: 

Fehling''s  test. — 15  cases  negative;  1  urine  gave  a  slight  reduction 
in  24  hours;  3  cases  gave  a  good  reduction  in  24  hours. 

Plienylhydrazin  test.- — 10  cases  had  no  crystals;  6  cases  had  a  few 
osazon  crystals;  4  cases  had  many  crystals. 

The  percentage  of  positive  Fehling's  reactions  in  these  few  cases  is 
about  the  same  as  in  Series  I,  while  the  positive  results  with  the  more 
delicate  tests,  as  was  to  be  expected,  are  more  frequent  than  in  Series 
II.  These  results  warrant  the  conclusion  that  the  antitoxin  treatment 
cannot  be  considered  as  the  full  explanation  of  this  symptom  in  diph- 
theria. 

To  decide  whether  diphtheria  antitoxin  injected  into  patients  may 
produce  a  glycosuria  10  individuals  were  given  antitoxin  in  whom  the 
two  tests  for  glucose  had  proved  negative  before  the  injection,  and 
the  urine  was  examined  aftei'^'ard.  The  results  of  these  observations 
are  given  below  in  detail: 

Xo.  I.  Male  19  years  old.  Admitted  Dec.  30  with  tonsillitis.  At 
4  and  10  P.  M.  Fehling's  and  phenylhydrazin  tests  were  negative.     At 
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11  P.  M.  given  20  cc.  antitoxin.  Examinations  at  4  and  9  A.  M.  the 
following  morning  were  negative  by  Fehling's,  bnt-  there  were  a  few 
donbtfnl  sheaf-like  crystals  by  the  latter  test.  Dec.  31,  at  9.30  A.  M., 
given  20  cc.  antitoxin.  At  4  P.  ^L  and  1  A.  M.,  Jan.  1,  Fehling's  test 
was  negative.  At  9  A.  il.  a  very  few  doubtful  osazon  crystals.  Same 
found  on  Jan.  2.  The  results  of  this  experiment  are  called  negative  as 
the  crystals  were  so  few  and  of  a  questionable  nature. 

No.  II.  Male  22  years  old.  Admitted  Xov.  5  with  a  severe  diph- 
theria of  throat;  given  first  day  20  cc.  antitoxin;  the  urine  next  morning 
was  positive  to  Fehling's  test.  From  the  second  to  the  fourth  day 
received  55  cc.  more  antitoxin.  On  the  fifth  day  both  Fehling's  and 
the  phenylhydrazin  tests  were  positive.  On  the  eighth  day  both  were 
negative.  During  the  following  month  had  eight  negative  results  by 
Fehling's  test.  On  Dec.  16  was  given  20  cc.  antitoxin;  the  urine  was 
examined  every  12  hours  for  the  next  5  days,  then  once  a  day  for  5  days 
by  both  tests,  with  negative  result. 

No.  III.  Boy,  13  years,  admitted  Xov.  18  with  tonsillar  diphtheria. 
He  received  60  cc.  antitoxin  during  the  first  two  days.  Six  examinations 
with  Fehling's  solution  were  made  in  the  first  4  wrecks  with  negative 
result.  Dec.  20  phenA'lhydrazin  test  negative.  Given  20  cc.  antitoxin 
on  this  date.  Th-e  examination  by  Fehling  and  the  phenylhydrazin 
tests  were  negative  on  the  two  days  following. 

No.  IV.  Girl,  10  3'ears,  admitted  jSTov.  15  with  diphtheritic  tonsillitis, 
so  mild  that  antitoxin  was  not  given.  Four  examinations  in  3  weeks, 
by  Fehling's  test,  were  negative.  On  Dec.  28  given  20  cc.  antitoxin. 
The  phenylhydrazin  test  just  before  antitoxin  was  given  was  negative, 
but  six  hours  afterwards  positive;  there  were  numerous  typical  crystals. 
The  next  three  days  man}'  crystals  of  osazon  appeared,  and  after  that 
for  a  week  only  a  very  few  or  none  were  seen.  Fehling's  tests  were  nega- 
tive, with  possibly  one  doubtful  reaction  on  Jan.  5. 

No.  y.  Girl,  7  years,  admitted  Oct.  30  with  a  mild  attack  of  diph- 
theria; was  given  no  antitoxin.  On  Xov.  3  Fehling's  and  the  phenyl- 
hydrazin tests  were  both  positive.  From  Xov.  6  to  Dec.  28  there  were 
8  negative  copper  tests  and ,  on  the  last  date  there  were  no  osazon 
crystals.  On  Dec.  28  were  given  20  cc.  antitoxin.  The  following  morn- 
ing there  was  a  slight  greenish-yellow  discoloration  of  the  Fehling's  solu- 
tion and  numerous  phenylglucosazon  crystals  were  seen.     The  following 

12  examinations  by  Fehling's  test  were  all  negative  save  one  doubtful 
one.  The  phenylhydrazin  test  was  positive  for  the  next  6  analyses,  then 
negfative. 


Cleon  Melville  Hibbard  and  Michael  J.  Morrissey         145 

No.  VI.  Girl,  7  years.  Admitted  Dec.  7  with  slight  nasal  diphtheria; 
received  no  antitoxin.  On  the  next  day  had  an  immediate  reaction  to 
Fehling's  test,  followed  by  five  negative  results  during  the  next  week. 
Dec.  18  given  10  cc.  antitoxin.  At  that  time  and  the  next  day  the  urine 
was  negative  to  both  the  Fehling's  and  phenylhydrazin  tests,  but  on  the 
following  day  it  was  positive  in  the  morning  and  evening  to  the  i)henyl- 
hydrazin  test  and  afterwards  negative.     Fehling's  tests  were  all  negative. 

No.  VII.  Girl,  7  years,  admitted  with  a  mild  attack  of  scarlet 
fever  on  Dec.  27.  Urine  examined  daily  from  Jan.  13  to  19.  Negative 
by  both  tests.  On  the  last  date  given  20  cc.  antitoxin.  Analyses  twice 
a  day  for  two  days,  then  daily  for  five  days  with  negative  results. 

No.  VIII.  Boy,  6  years,  talcen  ill  with  scarlet  fever  Dec.  15.  Similar 
tests  were  made,  on  the  same  date,  as  in  No.  VII.  The  morning  after 
the  antitoxin  injection  Fehling's  test  was  positive  and  there  were  many 
phenylglucosazon  crystals  seen.  There  was  a  slight  reaction  that  even- 
ing, afterwards  negative. 

No.  IX.  Girl,  9  years  old,  admitted  with  scarlet  fever,  Dec.  29.  Ex- 
periment same  as  in  No.  VII.     Eesults  negative. 

No.  X.  Boy,  7  years  old,  admitted  Dec.  18  with  scarlet  fever.  In 
this  case,  as  in  No.  VII,  Fehling's  tests  were  positive,  but  with  phenyl- 
hydrazin the  results  were  negative. 

A  summary  of  the  results  of  these  experiments  by  the  two  tests  are: 


Case  No. 

Fehling's. 

fhenylliydrazln. 

I. 

Negative. 

Negative. 

II. 

Negative. 

Negative. 

III. 

Negative. 

Negative. 

IV. 

Negative. 

Positive. 

V. 

Doubtful. 

Positive. 

VI. 

Negative. 

Positive. 

VII. 

Negative. 

Negative. 

VIII. 

Positive. 

Positive. 

IX. 

Negative. 

Negative. 

X 

Positive. 

Negative. 

Fehling's  test  was  twice  positive  and  the  phenylhydrazin  four 
times.  Thus  it  would  appear  that  antitoxin  injections  produce  at 
times  a  glycosuria,  but  that  usually  it  is  so  slight  that  it  is  shown  only 
by  the  most  delicate  tests;  on  the  other  hand  sugar  is  occasionally 
present  in  a  sufficient  quantity  (0.05  per  cent  at  least)  to  reduce  Fehl- 
ing's solution.     This  agrees  with  what  was  noted  m  regard  to  the 

10 
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scarlet  fever  patients  who  received  antitoxin  (pp.  142-3).  It  should  be 
added  that  this  glycosuria  lasts  only  for  a  few  days  and  should  not 
be  considered  as  an  argument  against  the  use  of  antitoxin.  The 
significance  of  a  transitory  glycosuria  after  antitoxin  would  appear 
to  be  about  the  same  as  that  belonging  to  the  alimentary  glycosuria 
which  may  occur  after  the  ingestion  of  certain  foods  or  drugs,  or  after 
drinking  beer,  as  Krehl*  has  recently  shown. 

Binetf  gives  as  the  cause  of  the  glycosuria  in  diphtheria  an 
"  asphyxie  toxique,"  due  for  the  most  part  to  a  simple  mechanical 
obstruction  of  the  respiratory  passages.  Yon  Bager:}:  reports  an  in- 
stance of  glycosuria  in  a  patient  troubled  with  a  nasal  obstruction 
which  disappeared  after  an  operation.  Tyson§  says:  "  EmbaiTassed 
respiration,  whether  due  to  strangulation  or  inhalation  of  irrespirable 
gases  is  capable  of  producing  glycosuria  in  dogs  and  rabbits,  although 
the  symptom  has  rarely  been  shown  in  those  conditions  in  human 
subjects."  Of  19  cases  of  intubation,  that  is,  of  patients  with  severe 
laryngeal  obstiTiction,  fourteen,  or  73  per  cent,  had  glycosuria.  This 
result  would  make  somewhat  plausible  the  supposition  that  diminished 
oxidation  in  consequence  of  the  gTeater  or  less  interference  with 
respiration  has  a  causal  connection  with  the  glycosuria  of  diphtheria. 
It  seems  to  us,  however,  reasonable  to  attribute  this  symptom  in  diph- 
theria to  the  action  of  the  toxins  of  the  Klebs-Loeffler  bacillus.  Inter- 
ference with  respiration  may  be  an  occasional  cause,  but  it  will  not 
account  for  those  cases  in  which  there  is  no  trouble  with  the  breathing. 
Inasmuch  as  in*itation  of  the  vagus  nerve  and  various  lesions  of  the 
nervous  system  may  be  followed  by  glycosuria,  and  as  degenerative 
changes  in  the  peripheral  and  central  nervous  system  are  found  in 
most  cases  of  diphtheria,  it  is  possible  that  these  changes  in  the  nervous 
system  in  diphtheria  may  cause  glycosuria.  Or  it  may  be  that  the 
diphtheria  toxins  may  act  as  phloridzin||  does  in  producing  glucose  in 
the  urine. 

*  CentralU.  f.  inn.  Med.,  1897,  No.  40. 
t  Loc.  cit.,  p.  87. 

%  Centralbl.  f.  d.  Krankheitcn  d.  Earn-  u.  Sexiial-Onfane,  vi,  61. 
§  A  treatise  on  Bright's  disease  and  diabetes,  p.  239,  Philadelphia,  18S1. 
II  Lectures   on  certain  aspects  of  diabetes,   by  T.   B.  Futcher   in  the  Xeio 
York  Med.  Jour.,  Nov.  6,  1897. 
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CONCLUSIONS. 


(1)  There  is  a  transitory  glycosuria  in  diphtheria,  whicli  is  found 
frequently  in  the  severe  eases  and  is  usually  present  in  the  fatal  ones. 

(2)  This  glycosuria  is  often  associated  with  albuminuria. 

(3)  Injections  of  diphtheria  antitoxin  are  occasionailv  followed  for 
a  few  days  by  a  slight  glycosuria. 
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H.EMORRHAGIC  SEPTICAEMIA  IX  MAX  DUE  TO  CAPSU- 
LATED  BACILLI.* 

By  W.  T.  HOWAED,  JR. 

(From  the  Pathological  Laboratory  of  the  Western  Reserve  University, 

Cleveland,  0.) 

In  this  paper  it  is  my  pui-pose  to  consider  only  those  cases  of  septi- 
caemia accompanied  by  haemorrhages  into  the  skin,  the  serous  mem- 
branes, and  usually  into  the  liver,  spleen,  kidney,  heart,  stomach  and 
intestines  in  which  capsulated  bacilli  have  been  foimd  as  the  only,  or, 
at  least,  the  most  numerous  and  important  micro-organisms  present. 

These  restrictions  remove  from  our  consideration  cases  of  primary 
septicaemia  with  haemorrhages,  as  well  as  the  numerous  instances  of 
secondary  haemorrhagic  septicaemia  occurring  in  variola,  typhoid  fever, 
scarlatina,  rheumatism,  measles,  tuberculosis,  endocarditis,  nephritis, 
puerperal  fever,  omphalitis,  and  the  like,  due  for  the  most  part  to 
streptococci,  staphylococci,  or  various  bacilli,  examples  of  which  have 
been  reported  by  Klebs  (16),  Hlava  (11),  Babes  (2),  Martin  de  Gimard 
(19),  Claisse  (9),  Legendre  and  Claisse  (18),  Tavel  and  de  Quervain 
(21),  Kamen  (15),  ISTeumann  (20)  and  others.  The  so-called  pui-pura 
anthracosa  and  pui'pura  scorbutica  are  also,  of  course,  excluded. 

It  is  difficult  to  say  by  whom  the  class  of  cases  with  which  we  have  to 
•do  was  first  described.     Although  some  of  the  early  examples  reported 

*  Received  for  publication  January,  1S98. 
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by  Ceci  (7)  in  1881,  and  by  Ivlebs  (16)  in  188 T,  and  that  of  AVatson 
Oheyne  (8)  in  1883,  in  which  bacilli  were  found,  probably  come  within 
the  scope  of  this  article,  the  descriptions  of  the  microscopical  lesions 
and  of  the  bacteria  found  are  too  scanty  to  warrant  their  consideration 
here. 

In  1887  Bordoni-Uffreduzzi  (6)  described  three  cases  of  a  peculiar 
septicaemia,  fatal  in  from  two  to  four  days,  with  haemorrhage  into  and 
congestion  of  the  internal  organs.  In  each  instance  he  found  the  same 
micro-organism,  a  pleomorphic  capsulated  bacillus  pathogenic  for  dogs, 
mice,  rabbits  and  guinea-pigs.  He  called  it  Proteus  hominis  capsulatus. 
It  differs  in  many  ways  from  the  Proteus  group  of  Hauser.  This  organ- 
ism was  about  the  size  of  the  anthrax  bacillus,  capsulated,  and  stained 
by  Gram.  It  was  found  in  numbers  in  the  larger  blood-vessels  and 
among  the  tissue  elements,  but  not  in  the  capillaries. 

It  is  thought  best  to  exclude  from  our  list  the  case  described  by 
Foa  and  Bonome  (11),  who  report  finding  a  bacillus  identical  with 
Proteus  vulgaris  (Plauser)  in  the  blood  and  in  the  organs  of  a  man  dead 
of  ileus  with  extensive  haemorrhagic  infiltration  of  the  small  intestine 
and  the  corresponding  mesentery  and  with  thrombosis  of  the  mesen- 
teric vein.  It  is  not  at  all  clear  that  the  "  haemorrhagic  infiltration  " 
was  other  than  hgemorrhagic  infarction  of  the  intestine. 

Banti  (5)  in  a  case  of  acute  hemorrhagic  infection  found  in  pure  cul- 
ture a  bacillus  which  he  calls  Proteus  capsulatus  septicus,  and  which 
he  thinks  may  be  identical  with  Proteus  hominis  capsulatus  of  Bor- 
doni-Uffreduzzi.  Banti's  bacillus  appears  to  be  more  like  the  bacillus 
of  Friedlander  than  was  the  organism  of  Bordoni-Uffreduzzi.  The  latter 
is  regarded  by  Foa  as  Proteus  vulgaris  (Hauser)  and  not  as  a  new  ba- 
cillus. 

Babes  (1)  in  1889  described  three  instances  of  death  in  children  from 
hgemorrhagic  septicemia,  with  stomatitis,  angina,  bronchitis,  anemia 
and  fever,  in  the  organs  of  whom  he  found  a  short,  non-motile,  capsu- 
lated bacillus,  which  stained  poorly  with  the  aniline  dyes  and  by  Gram, 
did  not  form  spores,  was  facultatively  anaerobic,  and  grew  feebly  on  gela- 
tine, which  was  not  liquefied.  On  agar  there  were  small  transparent 
drops  which  later  turned  to  a  whitish  yellow  color,  and  were  without 
sharply  defined  margins.  On  potato,  whitish  drop-like  colonies  formed. 
Bouillon  was  made  cloudy.  Mice  inoculated  with  this  bacillus  died  with 
hemorrhagic  septicemia;  rabbits,  killed  by  it.  showed  hemorrhage  into 
all  the  organs.  Sterilized  cultures  caused  multiple  hemorrhages  when 
injected  into  animals.  For  guinea-pigs  and  dogs  it  was  biit  feebly  path- 
ogenic. 

Tizzoni  and  Giovannini  (22)  in  1889  reported  three  cases  of  hemor- 
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rhagic  inlVitioii  in  wliiili  tlioy  found  a  capsulated  bacillus.  They  were 
in  children  witii  ini})cli<;o  contagiosa  and  two  oi"  them  were  rapidly 
fatal.  One  child  came  to  autopsy  and  showed  a3dema  and  lia3niorrhages 
into  the  skin,  luvniorrhages  in  the  serous  membranes,  lymphatic  glands 
and  various  internal  organs.  In  the  kidneys  and  liver  there  were  areas 
of  marked  tissue  degeneration  and  leucocytic  infiltration.  The  bacillus 
found  was  pleomorphic,  capsulated,  often  with  rounded  ends,  stained  by 
Gram  and  was  pathogenic  for  dogs,  rabbits  and  guinea-pigs,  but  not  for 
white  mice  or  for  pigeons,  even  in  large  doses.  In  the  cutaneous  lesions 
and  in  some  of  the  organs  Staphylococcus  pyogenes  aureus  was  also 
jiresent. 

In  1891  Kolb  (17)  reported  five  cases  of  idio})athic  purpura  hsemor- 
rhagica,  three  of  which  died  in  from  two  to  four  days.  Cultures  made 
from  blood  obtained  from  a  vein  during  life  remained  sterile.  Cultures 
from  the  various  organs  of  the  fatal  cases  gave  alwaj's  the  same  bacillus 
in  pure  culture.  This  bacillus  was  demonstrated  in  sections  stained,  by 
the  Kiihne  and  the  Gram-AVeigert  methods,  being  especially  abundant 
in  the  spleen;  it  was  sometimes  found  in  the  blood  and  lymph  vessels, 
sometimes  in  the  interstitial  tissue  of  the  hremorrhagic  areas  and  in  the 
lymph  spaces.  It  had  usually  rounded  ends  and  was  surrounded  by  a 
thin  capsule,  especially  in  the  animal  body.  It  was  partly  decolorized 
with  Gram's  method.  The  bacillus  was  very  pathogenic  for  field  mice, 
for  white  mice  and  for  rabbits;  less  so  for  dogs.  Guinea-pigs  were 
affected  only  by  large  doses,  while  pigeons  showed  only  local  necrosis 
at  the  seat  of  inoculation.  Hsemorrhages  were  found  in  tlie  animals 
after  inoculation  with  dead  and  filtered,  as  well  as  with  living,  cultures. 

In  1891  Babes  and  Oprescu  (4)  described  a  fatal  case  of  hjemorrhagic 
septicaemia  simulating  typhus  fever.  From  the  organs  and  in-ine  they 
obtained  a  capsulated  bacillus  in  pure  culture.  The  patient,  a  male, 
aged  22,  had  had  marked  haemorrhages  into  the  skin.  At  the  autopsy 
the  tissues  of  the  neck  and  of  the  mediastinum  were  oedematous,  and 
there  were  hsemorrhages  into  the  skin  and  serous  membranes.  Tissue 
degenerations  were  found  in  the  liver,  spleen  and  kidneys. 

The  bacilli,  which  were  found  in  all  the  organs,  varied  much  in  size; 
they  were  often  in  pairs,  were  surrounded  by  capsules  and  stained  poorly 
by  Gram.  The  organism  was  pathogenic  for  rabbits,  guinea-pigs,  mice 
and  pigeons,  the  animals  dying  with  hpemorrhagic  septicaemia. 

In  1893  Babes  (4A)  reported  several  cases  of  hremorrhagic  infection, 
associated  especially  with  ha?morrhagic  bronchitis,  and  referred  by  him 
to  various  micro-organisms,  both  cocci  and  bacilli. 

Yon  Dungern  (10)  in  1893  reported  a  fatal  case  of  hremorrhagic  sep- 
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ticsemia  in  a  child,  two  weeks  old,  in  whose  organs  was  found  a  capsu- 
lated bacillus.  There  was  no  history  of  syphilis  or  hsemophilia.  Thir- 
teen days  after  birth  the  child  was  taken  ill  with  hamon-hage  from  the 
right  ear,  nose  and  mouth.  Later  there  appeared  petechise  over  the 
whole  body.  The  autopsy  showed  hsemorrhages  in  various  organs,  in 
the  subcutaneous  tissue  of  the  thighs,  in  the  abdominal  cavity,  and 
in  the  umbilicus.  Cultures  from  the  thrombosed  umbilical  artery 
showed  a  short,  plump  bacillus,  1  to  2  o.  long  and  half  as  broad,  sur- 
rounded by  a  capsule.  This  bacillus  was  very  pathogenic  for  white 
mice, .  guinea-pigs  and  rabbits,  causing  a  fatal  hsemorrhagic  septicaemia 
with  a  fibrino-purulent  exudation  into  the  serous  cavities. 

To  the  foregoing  cases  I  wish  to  add  two  others  which  came  under 
my  observation  at  St.  Joseph's  Hospital,  Baltimore. 

In  June,  1892,  five  pereons  who  had  been  working  as  berry-pickers, 
near  Annapolis,  Maryland,  were  taken  ill  and  came  to  Baltimore  for 
treatment.  One  died  several  days  later  under  the  care  of  a  physician 
who  gave  a  death  certificate  for  "  malaria."  Two  others  came  to  St. 
Joseph's  Hospital ;  the  remaining  two  could  not  be  traced.  The  two 
patients  admitted  to  my  service  at  the  hospital  were  suspected  of  hav- 
ing typhus  fever.  One  died  a  few  hours  after  admission;  the  other 
died  at  the  Quarantine  Station  some  ten  days  later. 

Case  I.  John  Y.,  married,  aged  51,  a  Pole,  was  admitted  to  St.  Jos- 
'eph's  Hospital  at  3  p.  m.,  June  13,  1892,  complaining  of  fever  and 
weakness. 

Family  history. — Father  and  mother  dead,  cause  unknown.  One 
brother  and  sister  living,  none  dead.  One  son  and  three  daughters  living 
and  well.  Knows  nothing  of  his  grandparents.  His  wife  was  taken 
with  the  same  symptoms  the  day  before  he  was  affected. 

Personal  history. — Healthy  as  a  child.  Eleven  years  ago  had  typhoid 
fever.     No  other  illness. 

Present  illness. — Seven  days  ago,  while  picking  strawberries  in  the 
hot  sun  (the  weather  was  excessively  hot  at  that  time)  his  head  became 
very  hot  and  painful,  and  shortly  afterward  he  was  seized  Avith  pain  in 
the  epigastrium.  These  symptoms  came  on  suddenly,  the  patient  hav- 
ing felt  perfectly  well  before  their  appearance.  ISTo  history  of  a  chill 
was  obtained,  but  the  patient  felt  hot  and  feverish  from  this  time  on. 
On  the  next  day,  June  8,  his  nose  bled  four  times.  No  further  history 
could  be  got  from  the  patient,  except  that  his  wife  and  three  of  his 
fellow-workers  were  similarly  affected. 
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Chi  cntiaiKi'  into  llio  lio^jiiial,  ilio  a.xillaiy  t('iii|)«'raturo  wa;?  H):-iA° 
F.;  pulse  DU,  regular,  of  fair  volume,  aiid  nut  dicrotic;  respiratious  30. 
He  was  seen  by  me  two  hours  after  his  entrance,  when  the  following 
note  was  made:  Large,  well-built,  muscular  man;  skin  dusky,  warm  and 
dry;  face  heavy,  apathetic;  he  answers  questions  slowly  but  intelligently. 
Pupils  of  normal  size  and  react  to  light;  conjunctivae  slightly  suffused. 
Tongue  covered  on  the  dorsum  with  thin  white  fur,  the  margins  bright 
red,  the  papillae  swollen.  Xo  oedema.  Surface  of  the  skin  covered  with, 
a  purplish  macular  eruption,  which  on  the  anterior  surface  of  the  chest 
resembles  very  light-colored  freckles.  On  the  back  they  are  very 
numerous  and  red  in  color.  On  both  arms,  the  buttocks,  thighs  and 
legs,  always  best  marked  on  the  extensor  surfaces,  is  a  diffusely  spread, 
dark  red,  slightly  papular  eruption,  which  fades  on  pressure  and  slowly 
returns  on  its  removal.  It  is  somewhat  confluent  in  places,  but  is  never 
crescentically  arranged.  The  individual  papillae  have  no  definite  shape. 
On  the  legs,  over  the  tibije  and  ankles,  are  numerous  purplish  petechias, 
resembling  spots  of  purpura  haemorrhagica.  Examination  of  lungs  nega- 
tive. Cardiac  dulness  slightly  increased;  heart  sounds  normal.  Exam- 
ination of  liver  negative.  Splenic  dulness  increased;  spleen  not  pal- 
pable. Xo  rose  spots  on  abdomen.  Xo  gurgling  or  tenderness  in  right 
iliac  fossa. 

June  14,  10  a.  m.  Temperature  104.5°  F.  Pulse  continues  strong. 
Patient  restless  and  at  times  delirious  during  the  day.  Temperature 
reached  its  highest  point,  105.4°  F.,  at  8  p.  m.  Urine  dark  red,  acid, 
sp.  gr.  1024.  Xo  albumin,  sugar  or  casts.  Moderate  increase  of  poly- 
nuclear  leucocytes  in  blood.  Xo  malarial  parasites  found.  At  9  p.  m. 
patient  was  taken  to  the  Quarantine  Station,  and  passed  from  my  obser- 
vation. 

The  quarantine  officials  informed  me  that  the  fever  and  cutaneous 
haemorrhages  persisted,  and  that  death  occurred  ten  days  after  his 
removal  from  the  hospital.  The  report  of  the  coroner's  physician.  Dr. 
Keirle.  who  made  the  autopsy,  states  that  there  were  haemorrhages  into 
the  skin  and  serous  membranes,  with  marked  congestion  of  the  lungs, 
liver,  spleen,  heart,  kidneys,  brain  and  cord,  and  acute  parenchymatous 
degeneration  of  the  heart,  liver  and  kidneys.     Xo  cultures  were  made. 

Case  II.  Julia  Y.,  a  Eussian  Pole,  45  years  old,  was  admitted  to 
St.  Joseph's  Hospital  with  her  husband  (Case  I)  June  13,  1892,  com- 
plaining of  fever  and  epigastric  pain.  Family  history  negative;  per- 
sonal history  good. 

On  June  7,  while  picking  strawberries  in  the  hot  sun,  she  was  sud- 
denly seized  with  great  pain  in  the  head,  epigastrium  and  chest.     She 
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felt  veiy  hot  all  over,  but  especially  in  the  head.  The  same  day  she 
broke  out  with  a  slightly  papular  eruption  which  was  spread  diffusely 
over  the  body.  No  history  of  a  chill  was  obtained.  She  was  seen  by 
me  two  hoiu's  after  her  entrance,  when  the  following  note  was  made: 
Well-built  woman,  of  medium  height.  Conjunctivae  of  both  eyes,  espe- 
cially of  the  lower  lids,  injected.  Both  cornese  slightly  clouded,  pupils 
moderately  dilated.  Skin  of  the  nose  and  face  somewhat  swollen,  but 
not  oedematous.  Tongue  swollen  and  painful  to  the  touch,  its  dorsum 
covered  with  yellowish  white  fur,  the  papillae  prominent,  edges  red. 
Small  whitish  ulcers  on  the  inner  side  of  each  lip.  Patient  lies  on  the 
back,  is  dull  and  apathetic,  answers  questions  with  difficulty.  Tempera- 
ture on  admission  101.4°  F.;  pulse  126,  slightly  irregular,  weak,  low  ten- 
sion, not  dicrotic.  Eespirations  45,  shallow,  costo-abdominal.  No  en- 
largement of  lymphatic  glands.  Skin  warm,  moderately  dry;  its  surface 
covered  everywhere  with  thick  and  diffusely  spread  papular  eruptions. 
In  some  ^jlaces,  as  on  the  anterior  surface  of  the  chest,  the  papules  are 
small,  dark  red,  inegularly  shaped,  about  the  size  of  a  pin's  head,  not 
fading  on  pressure.  In  some  places  there  are  true  petechige;  in  others, 
particularly  on  abdomen,  surface  covered  with  macular  eruption,  appear- 
ing as  a  fine  dark  mottling  distributed  in  irregular  streaks.  Papular 
eruption  predominates  over  back,  anterior  surface  of  thighs  and  but- 
tocks. On  arms  and  forearms,  best  marked  over  deltoid  regions  and 
posterior  surface  of  elbow  joint,  is  a  diffuse,  red,  thickly  scattered,  small 
papular  eruption,  very  irregular  in  shape,  and  in  places  somewhat  con- 
centrically arranged,  very  slightly  modified  by  pressure  Skin  of  thighs, 
legs,  and  anterior  surfaces  of  ankles  and  feet  presents  a  widespread 
petechial  eruption.  On  chest  numerous  small  sudaminal  vesicles.  Skin 
over  lower  extremities  covered  with  sweat.  Examination  of  heart  and 
lungs  negative.  Liver  dulness  begins  at  lower  border  of  6th  rib  in  mam- 
mary line,  and  extends  3  cm.  below  costal  margin.  Edge  of  liver  pal- 
pable, round  and  smooth.  Splenic  dulness  noticeably  increased;  edge  of 
spleen  not  easily  palpable  below  costal  margin.  Much  tenderness  over 
abdomen,  which  is  everyAvhere  resonant;  no  special  tenderness  or  gurgling 
in  right  iliac  fossa. 

June  14.  10  a.  m.  Patient  decidedly  worse  this  morning;  pulse  108, 
weak,  of  poor  volume,  irregular  and  dicrotic;  temperature  100.4°  F., 
respirations  30.  Patient  was  restless  and  delirious  throughout  night, 
and  Avas  kept  in  bed  Avith  difficulty.  BoAvels  constipated.  Urine  scanty; 
specimen  draAvn  Avitb  catheter  is  pale  yelloAv,  acid,  specific  gravity  1023, 
free  from  albumin,  sugar,  and  casts.  No  characteristic  diazo-reaction; 
no  haematuria  or  hpemoglobinuria.     Death  occurred  at  4.15  p.  m..  pre- 
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ceded  \)\  great  rise  ol'  teiii])eratui-e  (Ju:i.(i°  !•'.  at  1  \>.  lu.),  rapid,  weak, 
dicrotic  pulse  and  persistence  of  the  eruption. 

Autopsy  (5  hours  after  death).  Anniornii  al  diagnosis:  lIii;niorrhagic 
septicaemia;  acute  splenic  tumor;  iluid  bloud  in  the  heart  and  all  the 
blood-vessels.  Acute  congestion  of  the  lungs,  liver,  spleen,  kidneys, 
pancreas,  stomach  and  intestine.  Cloudy  swelling  of  liver  and  kidneys. 
Fatty  degeneration  of  heart,  liver  and  kidneys. 

Kigor  mortis  present.  On  skin  of  abdomen  there  is  a  line  macular 
eruption  of  a  mulberry  hue.  Here  and  there  are  scattered  petechias 
and  several  "  taches  bleuatres."  On  posterior  and  inner  surfaces  of  arms 
and  lower  extremities  and  on  back  purplish-blue  post-mortem  discolora- 
tion. On  anterior  surface  of  upper  and  lower  extremities  numerous 
large  and  small  petechia,  which  do  not  disappear  on  pressure.  Super- 
ficial lymphatic  glands  not  swollen.     Muscles  dark  red. 

Brain. — Dark  fluid  blood,  without  clots,  in  sinuses.  Hyperaemia  and 
oedema  of  brain  and  meninges.  Abdomen:  Moderate  hyperagmia  of  peri- 
toneum. A  few  scattered  subperitoneal  ecchymoses.  Intestinal  surface 
dark  red,  mesenteric  glands  swollen  and  dark  red.  Thorax:  Marked 
hyperemia  and  numerous  small  subpleural  ecchymoses,  especially  over 
lower  lobes.  Lungs  very  hyperaimic  and  oedematous.  Muco-pus  in 
bronchi.  Clear  serum  in  pericardial  cavit}^  Small  ecchymoses  beneath 
ei)icardium.  Dark  fluid  blood  in  all  cardiac  cavities.  Myocardium 
flabby  and  pale.  Valves  normal.  Arteries  normal,  contain  dark,  fluid 
blood.  Liver:  Much  swollen,  very  hyperffimic,  of  mottled  dark  red 
and  opaque  grayish  color,  and  soft  consistence,  without  visible  focal 
necroses.  It  presents  small  scattered  haemorrhages.  Gall  bladder  con- 
tains thick,  dark  greenish  bile.  Spleen :  Swollen,  very  soft,  almost 
diffluent,  and  dark  red.  Trabeculas  and  Malpighian  bodies  invisible. 
Kidneys:  Very  much  swollen,  especially  the  cortex,  of  a  dark  red  color, 
and  softened  in  consistence.  Cortical  striae  obscure,  opaque;  Malpighian 
tufts  dark  red  and  prominent;  pyramids  very  hyperasmic.  Capsule  not 
adherent.  Pancreas  and  adrenals:  Show  no  especial  change,  except  con- 
gestion. Stomach  and  intestine:  Deeply  injected  along  their  mesen- 
teric border.  Gastric  and  intestinal  mucosae  bright  red,  deeply  con- 
gested. Peyer's  patches  in  upper  portion  of  ileum  swollen  and,  with 
the  solitary  follicles,  red.  Peyers  patches  just  above  the  ileo-caecal 
valve  somewhat  swollen  and  present  a  shaven-beard  appearance.  No  ulcer- 
ation. Uterus  of  normal  size,  with  soft,  red  and  congested  mucosa. 
Ovaries  and  Fallopian  tubes  normal.  Bladder:  Contains  blood-stained 
urine  and  its  mucosa  is  red  and  injected.     Thyroid:   Twice  the  normal 
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size,  being  symmetrically  swollen,  is  dark  red  and  very  much  congested. 
Its  consistence  is  soft. 

Microscopical  Examixation. — Fresh  frozen  sections  and  sections 
of  tissues  hardened  in  Flemming's  solution,  in  alcohol,  and  in  Miiller's 
fluid  were  studied.  Sections  of  hardened  tissues  were  stained  by  safra- 
nin,  hffimatoxyliu  and  eosin,  lithium  carmin,  Weigert's  fibrin  stain, 
and  methylene-blue  and  eosin. 

Liver. — There  was  widespread  fatty  degeneration  of  the  hepatic  cells, 
as  well  as  of  the  endothelial  cells  of  the  intralobular  capillaries  and  of 
some  'of  the  large  veins.  The  liver  cells  were  swollen  and  granular; 
many  contained  much  yellow  pigment.  The  capillaries  were  everywhere 
dilated,  being  filled  with  red  corpuscles,  among  which  were  many  large 
mononuclear  and  pol3'morphonuclear  leucocytes.  The  central  veins  of 
the  lobules  and  the  neighboring  capillaries  were  widely  dilated,  the  liver 
cells  about  them  being  flattened  by  pressure.  The  capillary  endothelium 
was  swollen.  All  the  branches  of  the  portal  and  hepatic  veins  were 
dilated.  In  some  of  the  larger  veins  were  seen  many  long  cells  with 
elongated  nuclei.  The  hepatic  veins  contained  liver  cells,  singly  and  in 
clumps  of  two,  three  or  even  more.  There  were  a  few  small  intralobular 
areas  of  infiltration  with  lymphoid  cells,  some  short  fusiform  cells,  and 
some  polymorphonuclear  leucocytes.  There  w'as  some  increase  of  the 
interlobular  connective  tissue.  Larger  and  smaller  areas  of  haemorrhage 
were  present  wdthin  the  lobules.  In  some  places  only  a  few  red  cor- 
puscles were  seen  among  the  liver  cells,  while  in  others  the  haemorrhages 
occupied  as  much  as  the  third  of  a  lobule.  Both  in  the  veins  and  in  the 
capillaries  were  to  be  seen  short  and  long  bacilli,  occurring  both  singly 
and  in  small  groups.  Here  and  there  they  occurred  also  free  in  the 
tissue,  being  numerous  in  the  areas  of  haemorrhage  and  of  round-cell 
infiltration.  Xo  capsules  were  definitely  detected,  and  the  bacilli  were 
never  observed  within  cells. 

The  heart  showed  fatty  degeneration  of  the  muscular  fibres,  with  great 
dilatation  of  the  capillaries  and  small  veins,  in  both  of  which  bacilli 
could  be  seen. 

Sections  made  from  several  portions  of  each  lung  showed  engorgement 
of  all  the  blood-vessels  with  blood.  In  the  lower  lobes  there  was 
marked  oedema,  with  great  dilatation  of  the  capillaries  and  veins.  There 
was  no  inflammatory  exudation  in  the  air  vesicles.  In  some  of  the 
small  arteries  and  dilated  capillaries  liver  cells  were  seen.  Bacilli  were 
found  in  the  blood-vessels  but  not  in  the  tissues. 

The  vessels  of  the  spleen  were  enormously  dilated  and  there  were 
numerous  large  and  small  haemorrhages  in  the  splenic  pulp.     Within 
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the  blood-vessels  and  in  llie  luemonhagic  areas  Ijacilli  in  lai-ge  and  small 
chimps  or  masses  were  seen.  The}-  never  completely  plugged  tlie  capil- 
laries. In  the  veins  and  occasionally  in  the  capillaries  liver  cells  singly 
and  in  short  rows  were  found;  these  nowhere,  however,  seemed  to  till 
the  lumina  of  the  vessels.  Lying  free  in  the  tissue  spaces  and  often 
inside  of  cells,  both  polymorphonuclear  leucocytes  and  lymjdiocytes,  were 
larger  and  smaller  yellow  pigment  masses,  which  appeared  not  only  as 
fine  granules,  but  also  in  large  irregular  masses.  This  pigment  stained 
deeply  with  eosin  and  with  picric  acid.  There  was  no  special  hyper- 
plasia of  the  splenic  tissue,  but  the  polymorphonuclear  leucocytes  were 
increased  in  number,  both  in  the  blood-vessels  and  in  the  tissues.  There 
were  definite  areas  of  tissue  necrosis.  The  red  corpuscles  both  in  the 
vessels  and  in  the  areas  of  liEemorrhage  were  pale  and  stained  poorly. 

Kidneys. — Fresh  frozen  sections  of  the  kidneys  showed  cloudy  swell- 
ing and  fatty  degeneration  of  the  epithelial  cells  of  the  convoluted 
tubules  and  of  the  glomerular  epithelium.  In  sections  hardened  in 
Flemming's  solution  fat  drops  were  noted  in  the  endothelial  cells  of  the 
glomerular  capillaries.  The  blood-vessels,  both  large  and  small,  in  all 
parts  of  the  organs  were  greatly  distended  with  blood.  There  was  a 
notable  increase  of  the  large  mononuclear  as  well  as  of  the  polymorpho- 
nuclear leucocytes.  In  many  of  the  veins  liver  cells  were  present 
without  occluding  completely  the  lumen.  The  glomerular  capillaries 
were  widely  dilated  and  contained  an  increased  number  of  cells.  The 
glomeruli  were  swollen  and  completely  filled  their  capsules.  The  epithe- 
lial cells  of  the  convoluted  tubules  were  swollen,  very  granular  and 
often  devoid  of  nuclei;  some  were  desquamated.  There  was  no  haemor- 
rhage into  the  glomerular  capsules  or  into  the  tubules.  There  were  a 
few  small  areas  of  round-celled  infiltration  with  atrophy  of  the  renal 
tissue,  and  a  slight  amount  of  arterio-sclerosis  of  the  smaller  vessels. 
Except  in  the  large  blood-vessels,  few  bacilli  were  to  be  found  in  the 
sections  of  the  kidney.     None  were  seen  free  in  the  tissues. 

In  the  stomach  and  intestine  there  was  marked  dilatation  of  the  vessels, 
especially  of  the  serous,  mucous  and  submucous  coats.  In  the  ileum 
there  was  hyperplasia  of  Peyer's  patches  and  of  the  diffusely  spread  lym- 
phoid tissue.  The  mesenteric  lymphatic  glands  showed  congestion  and 
histological  changes  similar  to  those  in  the  spleen. 

The  tliyroid  gland  showed  marked  hypertrophy,  the  veins  and  capil- 
laries being  very  much  dilated.     Bacilli  Avere  found  in  the  vessels. 

Bacteeiological  examination. — The  bacterial  forms  found  were 
the  same  in  all  the  organs,  and  were  most  numerous  in  the  blood-vessels, 
especially  the  veins.     Only  in  the  liver  were  bacilli  found  outside  the 
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vessels.  The}'  were  demonstrated  best  in  sections  stained  first  with 
lithium  carmin  and  then  with  Weigert's  fibrin  stain.  They  varied  much 
in  size  and  in  shape.  Eod-shaped  forms  were  the  most  common  but 
occasionally  forms  suggesting  large  cocci  and  diplococci  were  found. 
]\Iany  short  and  long,  oval  forms  were  seen.  Some  of  the  rods  were 
short  and  stout  with  rounded  ends;  others  longer  (1  to  2  /jl),  while  some 
were  long  filaments  (3  to  5  fi).  Sometimes  two  or  more  rods  were  seen 
end-to-end,  while  others  did  not  stain  throughout  but  presented  a  beaded 
appearance.     Capsulated  forms  were  occasionally  seen. 

At  the  time  of  the  autopsy  coverslip  preparations  were  made,  as  well 
as  cultures  in  Esmarch  roll-tubes  in  agar-agar,  from  the  blood  of  the 
heart,  from  the  lungs,  liver,  kidneys,  spleen,  a  mesenteric  lymph  gland 
and  the  brain. 

The  examination  of  coverslips  from  several  of  these  (heart's  blood, 
liver  and  spleen)  showed  bacilli  and  oval  forms,  usually  surrounded  by 
a  capsule,  similar  to  those  described  in  the  hardened  sections.  All  the 
cultures  from  the  blood  and  various  organs,  after  incubation  for  18 
hours,  showed  a  luxuriant  growth  of  colonies  which  had  the  same 
appearance  in  all  the  tubes.  The  same  organism  was  found  in  pure 
culture  in  all  the  tubes. 

Agar,  plain  or  with  glycerine  or  glucose.  In  cultures  made  in 
Esmarch  tubes  or  in  Petri  dishes,  after  18  to  21  hours  in  the  incubator 
at  37°  C,  small,  deep  and  larger  superficial  colonies  appear.  The 
larger  colonies  are  from  1  to  2  or  3  mm.  in  diameter,  raised  above  the 
surface  of  the  medium,  usually  round  in  outline,  and  tending  to  pile  up 
in  the  centre.  They  are  thick,  opaque,  have  a  grayish  white  appear- 
ance, and  tend  to  spread.  Magnified  50  diameters  the  colonies  are 
dark  brownish  yellow  in  the  centre,  and  of  a  homogeneous  appearance. 
The  edges  are  lighter  brown  and  somewhat  irregular  in  outline.  The 
deeper  colonies  are  grayish  white,  opaque,  and  usually  small.  Those 
that  reach  the  surface  tend  to  pile  up  without  spreading.  Microscopic- 
ally they  are  round,  with  clear-cut  borders,  dark  brown  in  color  and 
finely  granular.  After  a  few  days  these  colonies,  under  the  microscope 
by  transmitted  light,  are  darker,  almost  black  in  color,  homogeneous, 
and  somewhat  oblong  in  shape.  Streak  cultures  upon  slants  of  plain 
agar  show  in  21  hours  in  the  incubator  and  48  hours  at  room  tempera- 
ture an  abundant,  luxuriant  raised  growth  along  the  line  of  the  needle. 
This  growth  is  creamy  white,  polished,  porcelain-like,  standing  well  up 
above  the  surface  of  the  medium,  and  usually  with  serrated  edges.  In  a 
few  days  the  growth  spreads  over  the  surface  of  the  medium.  The 
growth -on  glycerine  agar  and  glucose  agar  has  the  same  characters,  but 


W.    T.    lio\v:inl,   .Ir.  I .".!» 

is  iiKUL'  luxuriant.  iSlal)  l-uIiuix-s  in  iilain  nuliiuiil  agar  bliMW  al'lL-r  IS 
to  :^i  liours  in  the  incubator  a  feeble,  while  growth  along  the  line  of 
stab.  Similar  cultures  in  glycerine  agar  and  glucose  agar  gruw  hi.\- 
uriantly  with  the  jiroductiou  in  the  latter  of  a  large  aniotmt  of  gas.  In 
old  agar  cultures  the  medium  becomes  brownish  and  there  is  au  odor 
like  that  of  stale  glue.  The  growth  is  always  viscid  and  sticky;  gas 
btdjbles  are  frequently  seen  in  the  water  of  condensation  from  glucose 
agar. 

Blood  sentm. — The  colonies  on  solidified  blood  serum  are  quite  similar 
to  those  on  agar.  The  growth  is  rapid  and  luxuriant,  viscid  and 
mucoid,  pale,  grayish-white,  porcelain-like,  raised,  and  tending  to 
spread  from  the  line  of  the  inoculation.  In  a  few  days  it  covers  nearly 
the  whole  of  the  surface.  The  water  of  condensation  is  dill'usely  clouded; 
the  medium  is  not  liquefied. 

Gelatine. — At  room  temperature  after  36  hours  in  plate  or  roll  cul- 
tures there  appear  small,  rotmd,  opaque,  creamy  white  colonies  0.5  mm. 
in  diameter.  The  centre  of  the  colony  is  thicker  and  more  elevated. 
Magnified  50  times,  the  colonies  are  of  a  yellowdsh  color  by  transmitted 
light.  Some  of  them  tend  to  spread,  but  the  majority  have  regular 
outlines.  In  some  of  the  larger  colonies  the  centre  is  umbilicated,  while 
the  peripheral  portion  is  raised  and  arranged  in  concentric  layers.  The 
deep  colonies  are  round  with  clear-cut  margins,  and  of  a  dark  brown 
almost  black  color  when  examined  under  the  lower  powers.  The  larger 
colonies  when  magnified  50  diameters  are  dark  brown  in  the  centre, 
fading  to  a  dark  brownish  yellow  homogeneous  appearance  at  the  per- 
iphery. The  edges  are  light  brown  in  color  and  rather  irregular.  Gela- 
tine slant  cultures  after  24  hours  at  room  temperature  show  a  raised 
growth  similar  to  that  seen  on  agar  and  on  blood  serimi,  but  less  luxm-i- 
ant.  In  gelatine  stab  cultures,  along  the  line  of  the  stab  after  24  hours 
there  appear  small  scattered  grayish  v.diite  colonies.  At  the  surface  of 
the  culture  is  a  small,  raised,  opaque,  grayish  white,  round  or  oval 
growth,  which  after  a  few  days  tends  to  spread  out  over  the  surrounding 
surface.  Xo  well-marked,  nail-shaped  growth  developed.  Gelatine  is 
not  liquefied.  In  old  cultures  the  medium  sometimes  becomes  brownish. 
Oas  production  does  not  occur  in  plain  nutrient  gelatine. 

Potato. — The  bacillus  grows  luxuriantly  upon  potato  both  at  room 
and  body  temperatures.  In  test-tube  potato  cultures  the  upper  third 
of  the  growth  does  not  usually  spread  from  the  line  of  inoculation,  and 
is  generally  grayish  white,  sometimes  dark  brownish  gray,  dry  and  finely 
granular.  The  lower  two-thirds  of  the  culture  nearly  always  spreads, 
so  that  here  the  whole  surface  and  often  the  sides  of  the  medium  are 
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covered  ^vitll  a  moist  growth.  Tliis  growth  is  sometimes  raised  and 
porcelain-like,  and  of  a  creamy  color,  sometimes  simply  smooth,  moist 
and  polished,  without  piling  up.  There  is  always  gas  production  both 
upon  the  surface  of  the  potato  and  in  the  fluid  at  the  bottom  of  the 
tube. 

Carrot. — The  growth  on  this  medium  is  like  that  on  potato,  but  more 
luxuriant  and  with  more  marked  gas  formation. 

Bouillon. — The  growth  in  })lain  as  well  as  in  glucose  and  glycerine 
bouillon  is  rapid  and  luxuriant  both  at  room  temperature  and  in  the 
incubator.  After  24  hours'  incubation  the  medium  is  diffusely  cloudy. 
On  the  surface  is  a  grayish  white  pellicle,  adherent  to  the  sides  of  the 
tube  and  usually  covering  the  whole  of  the  surface.  At  the  bottom  is 
an  abundant,  grayish  white  sediment,  which  on  agitation  breaks  up 
into  a  thick  stringy  mass.  In  cultures  several  days  old  the  medium 
becomes  almost  opaque,  thick,  tenacious  and  stringy  like  mucus.  In 
bouillon  containing  glucose,  saccharose,  or  any  of  the  sugars  there  is 
abundant  gas  production.  In  the  fermentation  tube  within  24  hours 
sufficient  gas  is  formed  from  glucose  bouillon  to  displace  nearly  all  the 
medium  in  the  upright  arm. 

Milk. — Milk  is  coagulated  with  gas  formation  and  acid  production, 
in  from  24  to  36  hours  in  the  incubator.  The  coagulum  is  hard  and 
forms  a  solid  mass  surrounded  by  thin  pale  whey. 

Dunham's  peptone  solution. — The  bacillus  grows  rapidly  in  this  medium 
and  with  the  same  characters  as  in  bouillon.  No  indol  reaction  could 
be  obtained. 

The  organism  grows  best  in  media  of  neutral  or  alkaline  reaction,  but 
will  grow  also  on  acid  gelatine,  potato  and  carrot.  It  grows  best  at 
35°-37°  C.  It  is  killed  by  exposure  for  five  minutes  to  a  temperature  of 
60°  C.  It  is  non-motile  and  does  not  form  spores.  It  is  facultatively 
anaerobic,  and  stains  M^ell  by  both  Gram's  and  Weigert's  methods,  as 
well  as  with  the  common  aniline  dyes. 

General  morphology  of  the  hacillus.  The  morphological  appearances 
of  the  bacillus  are  the  same  in  the  hlood  and  organs  of  animals  as  in 
those  of  the  human  case.  Coverslips  made  from  the  liver,  spleen,  kid- 
neys and  heart's  blood  showed  bacilli  often  in  pairs,  varying  from  0.5 
to  3  or  4  /^in  length,  by  0.5  to  0.8  //  in  thickness,  generally  with  rounded 
ends.  There  were  marked  variations  in  size  and  shape.  Many  short 
oval  forms  were  seen.  Short  forms  resembling  cocci  and  diplococei 
occurred,  and  occasionally  long  filaments  were  seen.  The-  long  forms 
often  had  square  ends,  while  the  shorter  ones  always  had  rounded  ends 
or  were  ovoid  in  shape.     Coverslips  from  the  fresh  blood  or  from  the 
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oryans  always  showed  capsulated  fonius,  the  capsules  fre<iiiently  con- 
taining- pairs.  The  shorter  organisms  \.ere  encapsulated  more  fre- 
quently than  the  larger  ones.  From  the  pleural  and  peritoneal  exudates 
the  organisms  constantly  showed  capsules.  Here  the  coccal,  oval  ami 
short  baqillary  forms  are  the  most  common,  long  rods  being  unusual. 

The  capsnles  stain  readily  with  carbolic  fuchsin,  with  eosin  and  gen- 
tian violet,  with  or  without  aniline  oil.  The  organism  stains  readily 
with  all  the  nsual  dyes,  and  can  be  seen  even  in  sections  stained  with 
eosin  and  ha}matoxylin.  As  previously  stated,  capsulated  forms  arc 
rarely  seen  in  sections  of  hardened  tissues.  In  cultures  there  is  the 
same  polymorphism  as  that  found  in  the  human  body.  In  fresh  agar, 
glycerine  agar,  blood  serum  and  gelatine  cultures  the  most  numerous 
forms  are  short,  plump  bacilli,  with  rounded  ends;  fewer  coccal  forms  are 
seen,  but  there  are  often  ovoid  forms  in  pairs  or  short  chains;  some  long 
stout  bacilli  are  also  seen.  In  young  cultures,  especially  on  glycerine- 
agar  and  on  blood  serum,  capsulated  forms  are  often  seen.  In  fluid 
media  the  longer  forms  predominate,  and  many  long  filaments  of  from 
5  to  8  or  even  10  n  in  length  are  seen.  In  older  cultures  on  solid 
media  the  longer  forms  are  numerous,  and  sometimes  there  are  irregular 
swellings.  On  old  potato  or  carrot  cultures  the  predominating  forms  are 
long.  Most  of  the  longer  forms  stain  poorly,  and  in  many  there  are  one, 
two,  or  even  three  deeply  staining  points,  surrounded  by  somewhat 
granular,  poorly  staining  protoplasm.  In  some  there  is  an  exquisite 
bipolar  staining,  while  in  others  only  one  pole  takes  up  the  dye.  Xoth- 
ing  suggestive  of  spores  is  to  be  seen. 

Patliogenesis. — Cultures  of  the  bacillus,  both  fresh  and  old,  grown  both 
•on  solid  and  in  fluid  media,  both  living  and  sterilized,  were  pathogenic 
for  dogs,  rabbits,  guinea-pigs,  white  and  gray  rats,  and  house  mice, 
while  pigeons  proved  refractory. 

Dogs. — Young  dogs  inoculated  into  the  peritoneal  cavity  with  2  cc. 
of  a  24-hour-old  bouillon  culture  died  in  36  hours  with  a  thick  purulent 
•exudation  in  the  peritoneal  cavity,  with  marked  congestion  and  ecchy- 
moses  of  the  peritoneum  and  congestion  of  the  pericardium,  pleurae, 
liver,  spleen,  kidneys,  stomach  and  intestine. 

Babbits. — Many  rabbits  were  inoculated  in  the  ear  vein,  subcutane- 
■ously,  and  into  the  peritoneal  and  pleural  cavities,  in  doses  varying 
from  0.8  cc.  to  3  cc.  of  a  24:-hour  bouillon  culture,  or  of  a  suspension  in 
bouillon  or  salt  solution  of  several  loops  of  a  blood-serum  or  agar  culture. 
The  smaller  doses  without  exception  Avere  fatal,  even  for  old,  large 
■animals,  except  when  inoculated  subcutaneously. 

Intravenous  inoculations  killed  rabbits  in  from  12  to  72  hours,  the 
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animals  dying  of  septicaemia  with  congestion  of  the  various  organs  and 
serons  membranes,  with  haemorrhages  in  many  instances,  and  some- 
times with  fibrino-purulent  exndations.  The  spleen  was  not  enlarged^ 
and  pneumonia  was  never  found.  Fatty  degeneration  of  the  liver,  hearty 
and  kidneys  was  commonly  present. 

Peritoneal  inoculations  killed  in  from  13  to  T3  hours  by  septicaemia 
and  peritonitis,  often  with  haemorrhages,  and  the  formation  of  a  stringy^ 
mucoid  exudate  rich  in  short  bacilli,  both  free  and  within  poly- 
morphonuclear leucocytes.  On  microscopical  examination  the  veins  and 
capillaries  were  found  widely  dilated,  especially  in  the  stomach,  intestine, 
liver  and  kidneys.  There  were  no  focal  areas  of  cell  degeneration  in  any 
of  the  organs.     The  bacilli  were  abundant  in  the  blood  and  organs. 

Subcutaneous  inoculations  caused  local  purulent  exudates,  often  fol- 
lowed by  death  from  septicaemia  with  changes  in  the  organs  and  vessels 
similar  to  those  described  above. 

A\Tiite  rats  died  in  from  24  to  18  hours  after  subcutaneous  or  intra- 
peritoneal inoculation  of  0.5  to  1  cc.  of  a  bouillon  culture.  The  organ- 
isms were  always  present  in  the  heart's  blood,  in  the  various  organs  and 
in  the  peritoneal  and  pleural  cavities.  The  same  dilatation  of  the 
blood-vessels  with  focal  haemorrhages,  as  has  been  described  in  rab- 
bits, was  observed  in  these  animals. 

Wild  gray  rats  died  in  from  18  to  21  hours,  after  either  subcutaneous 
or  intraperitoneal  injection  of  small  doses,  with  septicaemia  and  few 
changes  in  the  organs. 

House  mice  died  on  the  fourth  day  after  inoculation,  whatever  the 
mode  of  inoculation.  There  was  seldom  any  local  reaction  at  the  point 
of  inoculation,  but  septicaemia,  with  marked  congestion  of  the  vessels 
and  multiple  ecchymoses  of  the  serous  membranes  and  various  organs, 
was  present.  The  serous  cavities  contained  an  excess  of  fluid,  which 
was  thick,  tenacious  and  stringy,  and  often  contained  polymorphonuclear 
leucocytes,  endothelial  cells,  and  red  corpuscles,  in  addition  to  large 
numbers  of  bacilli.  In  the  liver  the  most  striking  change  was  the  enor- 
mous dilatation  of  veins  and  capillaries.  The  veins  of  both  the  portal 
and  hepatic  systems,  particularly  just  beneath  the  capsule,  were  dis- 
tended with  blood  and  the  liver  cells  were  compressed  and  granular,  and 
often  contained  large  and  small  fat  drops.  Here  and  there  were  larger 
and  smaller  points  of  haemorrhage.  Many  bacilli  were  seen  in  the 
capillaries  and  in  the  haemorrhagic  areas.  Emboli  of  bacilli,  however, 
were  never  seen.  The  lungs  showed  marked  dilatation  of  the  blood- 
vessels, in  which  bacteria,  singl}''  and  in  clumps,  were  present.  Besides 
these,  some  unmistakable  liver  cells,  granular  and  fatty,  were  detected  in 
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tho  ]nilinonarv  arlt'iios  and  caiiillarie'S.  In  the  spleen,  especially  under 
the  capsule,  there  were  nuirkcd  congestion  and  often  luuniorrhage  into 
the  tissue.  The  red  corpuscles  in  the  tissue  were  in  various  stages  of 
degeneration,  aiul  a  large  amount  of  yellow  })iginent  was  seen.  In  the 
kidneys  the  most  marked  change  was  hyperemia,  with  here  and  there 
areas  of  haMuorrhage  into  the  tuhiUes  and  inter-tul)ular  tissue.  Bacilli 
were  in  the  blood-vessels  in  large  numbers,  especially  in  tlie  glomerular 
capillaries.  They  also  appeared  in  masses  in  the  tubules.  The  epithe- 
lium of  the  convoluted  tubules  was  fatty.  There  were  no  focal  areas 
of  degeneration  or  of  round-celled  infiltration.  In  all  the  coats  of  the 
stomach  and  intestine  there  were  congestion  and  haemorrhages. 

Guinea-pigs. — Peritoneal  inoculations  of  from  0.2  to  0.5  cc.  of  a 
24-hour-old  bouillon  culture  caused  death  in  from  12  to  48  hours.  The 
inguinal  and  axillary  glands  were  swollen  and  congested,  with  redema  of 
the  periglandular  tissue.  There  was  always  a  peritoneal  exudate,  which 
in  rapidly  fatal  cases  was  serous  with  few  cells,  and  in  animals  living 
longer,  thick  and  tenacious,  with  grayish  opaque  patches,  containing 
many  endothelial  and  polymorphonuclear  cells.  There  was  always  con- 
gestion of  and  often  haemorrhages  into  the  serous  membranes.  The 
heart  was  pale:  the  liver  enlarged  and  deeply  congested.  Microscopically 
the  same  changes  were  found,  in  the  organs  as  in  mice  and  rabbits. 
These  were  especiall}'  marked  in  the  liver,  where  the  central  veins  were 
often  ruptured.  The  blood-vessels  contained  a  large  number  of  poly- 
morphonuclear leucocytes  and  many  bacteria,  some  of  the  capillaries 
being  plugged  with  the  latter.  Here  and  there  clumps  of  bacilli,  sur- 
rounded by  polymorphonuclear  leucocytes,  were  seen  in  the  tissues. 

Subcutaneous  inoculations  in  guinea-pigs  were  followed  by  abscess 
formation,  oedema,  and  death  from  septicaemia  after  from  3  to  6  days; 
the  autopsy  showed  the  vascular  and  tissue  lesions  as  in  animals  inocu- 
lated in  other  ways. 

Pigeons  were  refractory  to  large  doses  administered  either  subcu- 
taneously  or  peritoneally. 

Bouillon  cultures  from  two  to  six  weeks  old,  sterilized  by  heat  or 
by  the  addition  of  0.5  per  cent,  trikresol,  in  doses  from  0.25  to  0.5  ce. 
and  over,  killed  rabbits,  guinea-pigs  and  white  rats;  they  were  not  path- 
ogenic for  dogs,  but  even  in  minute  doses  killed  house  mice.  The  bac- 
teria-free filtrate  of  such  cultures  was  also  pathogenic  for  rabbits,  guinea- 
pigs,  and  house  mice  in  the  same  doses  as  the  unfiltered  cultures.  The 
dead  bacteria  left  in  the  filter  even  after  repeated  washings  with  water 
were  pathogenic  for  the  same  animals. 
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An  analysis  of  the  results  of  experiments  upon  a  large  number  of 
animals  shows  that  the  sterilized  unfiltered  cultures  were  the  most  toxic, 
the  dead  and  washed  bacteria  stood  next  in  toxicity,  while  the  filtrate 
of  the  same  cultures  was  least  toxic.  The  animals  inoculated  into  the 
ear  vein  or  intraperitoneally  with  these  substances  became  ill  and  died 
in  from  6  to  18  hours.  They  showed  marked  congestion  of  the  serous 
and  mucous  membranes  with  ecchymoses,  congestion  and  haemorrhage 
into  the  various  organs.  The  liver  cells  and  the  epithelial  cells  of  the 
kidney  showed  cloudy  swelling  and  fatty  degeneration,  but  there  were 
no  large  areas  of  focal  necrosis.  The  blood-vessels  were  widely 
distended,  and  there  were  marked  haemorrhages  in  the  liver,  spleen  and 
kidneys.  In  the  spleen  there  was  found  a  large  amount  of  yellow  pig- 
ment, both  intra-  and  extra-cellular.  The  pigment  was  usually  in  the 
shape  of  small  granules,  but  larger  masses  were  seen. 

By  starting  with  small  non-fatal  doses  of  both  living  and  sterilized 
cultures  and  the  filtrates  of  bouillon  cultures,  both  guinea-pigs  and 
rabbits  could  be  accustomed  to  withstand  doses  fatal  for  untreated  ani- 
mals (1  to  1.5  cc);  but  for  these  animals  a  dose  of  2  cc.  was  fatal. 

The  blood  serum  of  rabbits  or  guinea-pigs  thus  immunized  from  dead 
cultures  and  soluble  toxines,  even  in  large  amounts  (0.5  to  1  cc),  failed 
to  protect  fresh  animals  against  the  toxines  or  the  dead  or  living  cul- 
tures. 

One-  large  pregnant  rabbit,  receiving  first  small  doses  and  then  as 
much  as  1.5  cc.  of  a  sterilized  bouillon  culture  on  two  occasions,  car- 
ried her  young  to  term.  The  mother,  after  gestation,  became  thin  and 
her  young  were  much  smaller  and  grew  much  less  rapidly  than  those 
of  other  rabbits  born  about  the  same  time.  Two  of  her  young  rabbits, 
when  six  weeks  old,  were  inoculated  with  0,5  cc.  of  a  24-hour  bouillon 
culture  of  the  bacillus,  a  fatal  dose  for  a  control  rabbit  of  the  same  age 
but  out  of  another  mother.  One  of  the  two  rabbits  died  within  24 
hours;  the  other  was  apparently  unaffected.  0.5  cc.  of  the  blood  serum 
of  a  third  rabbit  of  this  litter  failed  to  protect  one  of  another  litter 
against  a  similar  quantity  of  a  24-hour  bouillon  culture  of  the  bacillus, 
but  a  large  rabbit  receiving  1  cc.  of  the  same  blood  serum  and  1  cc.  of  a 
sterilized  bouillon  culture  of  the  bacillus  did  not  die  till  the  fifth  day. 
From  this  it  would  seem  probable  that  rabbits  may  inherit  from  the 
mother  some  degree  of  tolerance  for  this  organism. 

"The  bacillus  above  described  has  preserved  its  virulence  and  gen- 
eral biological  characters  during  the  five  years  since  it  was  obtained 
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at  autopsy.  AVhen  compared  by  iiieaus  of  eulturos  and  animal  ex- 
periments with  a  number  of  capsulated  bacilli  of  the  type  of  Ba- 
cillus pneumoniae  of  rriedliinder, — hicluding  two  examples  of  the 
bacillus  of  FriedlJinder  obtained  from  cases  of  pneumonia,  the  cap- 
sulated bacillus  of  Pfeiffer,  the  bacillus  of  Wright  and  Mallory,  and 
a  capsulated  bacillus  obtained  by  Dr.  Walter  Reed,  U.  S.  A.,  from 
the  throat  in  a  case  of  diphtheria,  besides  a  number  of  capsulated 
bacilli  obtained  by  the  writer  from  inflammatory  processes  of  the 
accessory  sinuses  of  the  nose,  and  from  two  cases  of  septicaemia,  one 
following  labor  and  the  other  pyelonephritis — the  bacillus  of  the 
present  case  showed,  differences  from  them  all.  Of  these  differences 
the  chief  related  to  the  varying  amounts  of  gas  and  acid  production, 
the  capability  and  the  rapidity  of  coagulation  of  milk,  the  behavior 
to  Gram's  stain,  and  the  widely  varying  results  of  animal  inoculation. 
The  bacilli  above  mentioned,  as  well  as  other  allied  forms,  have 
been  placed  by  Fricke  (13)  in  a  group  of  which  the  Friedlander 
bacillus  is  the  prototype  and  to  which  E.  Fraenkel  gave  the  name  "  Ba- 
cillus mucosus  capsulatus."  The  more  important  common  characteris- 
tics of  this  group  are  the  morphology — plump,  medium-sized,  pleomor- 
phic rods ;  the  presence  of  capsules,  readily  demonstrable  in  the  animal 
body  and  sometimes  in  cultures;  lack  of  motility  and  of  spores;  failure 
as  a  rule  to  stain  by  Gram;  the  rapid,  luxuriant,  elevated,  viscid,  white 
growth  upon  the  surface  of  solid  media;  absence  of  liquefaction  of 
gelatine;  and  pathogenicity,  usually  in  the  form  of  septicaemia,  but 
with  striking  variations  for  different  animals  and  for  different  mem- 
bers of  the  group.  Fricke  has  collected  from  the  literature  22  rep- 
resentatives of  this  group  and  to  these  has  added  from  personal 
observations  still  others,  which  differ  from  each  other  more  or  less 
sharply  by  such  points  as  minor  cultural  A'ariations,  particularly  on 
potato,  presence  or  absence  of  brownish  discoloration  of  old  gelatine 
or  agar  cultures  and  of  a  typical  ''  nail-growth,"  the  coagulation  of 
milk,  the  occurrence  of  indol,  production  of  gas  and  of  acid,  retention 
of  Gram's  stain,  and,  above  all,  susceptibility  of  different  animals 
under  varying  methods  of  inoculation  to  the  pathogenic  effects  of  the 

organism.     Opinion  is  divided,  and  it  is  at  present  indeed  difficult  to 
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decide,  as  to  the  value  of  these  several  points  in  the  establishment  of 
species  or  varieties.  They  have  not  hitherto  sufficed  for  any  satis- 
factory subdivision  of  the  group  into  \vell-recognized  species  or 
varieties,  although  attempts  to  accomplish  this  have  been  made. 

While  the  bacillus  described  in  this  paper  cannot  be  identified 
with  the  bacillus  of  Friedliinder  and  differs  in  certain  respects  from 
most,  if  not  all,  previously  described  members  of  the  group,  it  never- 
theless possesses  the  more  important  common  characteristics  of  the 
group,  and  I  therefore  prefer,  at  least  for  the  present,  to  place  it 
here  rather  than  to  propose  a  new  group.  It  is  true  that  Kruse  * 
emphasizes  the  absence  of  staining  by  Gram  as  one  of  the  characters- 
of  his  group  of  Bacillus  aerogenes  and  bacillus  of  rhinoscleroma,  under 
which  group  he  classifies  the  various  capsulated  bacilli  of  the  type  of 
the  bacillus  of  Friedliinder,  but  the  readiness  with  which  the  color 
can  be  extracted  by  Gram's  method  is  certainly  one  of  the  variable 
attributes  of  the  group  and  cannot  serve  as  a  decisive  criterion  in 
determining  whether  an  organism  belongs  to  the  group  or  not. 

Doubtless  to  the  same  group  of  capsulated  bacilli  (Bacillus  mu- 
cosus  capsulatus)  belong  bacilli  isolated  from  human  cases  of  hsemor- 
rhagic  infections  by  Bordoni-Uffreduzzi  (6),  Banti  (5),  Babes  and 
Oprescu  (4),  and  von  Dungern  (10).  AVe  may,  therefore,  consider  it 
established  that  members  of  this  group  of  capsulated  l)acilli  may 
cause  typical  hsemorrhagic  septicaemia  in  man. 

Different  from  the  preceding  are  the  bacilli  cultivated  from  cases- 
of  septic  purpura  h^emorrhagica  by  Babes  (1),  Tizzoni  and  Gio- 
vannini  (22),  and  Kolb  (IT).  Babes  classifies  these  bacilli  together^ 
although  it  is  not  certain  that  they  are  closely  allied,  and  he  con- 
siders that  they  have  many  points  in  common  with  Hueppe's  hsemor- 
rhagic  septicaemia  group.  Their  resemblance  to  Hueppe's  group 
seems  to  me  rather  remote,  but  it  must  suffice  here  to  call  attention 
to  these  bacilli  as  distinct  from  the  luxuriantly  growing,  capsulated 
bacilli  already  described. 

It  is  clear  that  various  bacteria,  not  only  those  already  considered^ 
but  also  streptococci  and  other  bacteria,  may  cause  hsemorrhagic  infec- 

*  Fliigge's  Die  Mikroorgiinisnien,  Th.  II,  jj.  3:56;   Leipzig,  1S96. 
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tioiis  ill  Imiiinn  hoinji's.  lIu'iiiniTliagie  scpticii'iiii:!.  then,  is  not  to 
be  rcp,jinl(Ml  as  a  separate  and  distinet  disease,  witli  definite  and  eon- 
stant  etioloa'v,  nnif(n'ni  anatomical  lesions  and  elinical  featnres,  as, 
for  instance,  typhoid  fever,  Imt  ratlier  as  a  toxjeniia,  attended  by 
sneli  marked  injnrv  to  the  blood-vessels  and  to  the  l)lood  as  to  canse 
extreme  dilatation  and  hfemon-haffes,  with  varions  harmfnl  effects 
npon  the  body  cells,  and  capable  of  being-  cansed  by  a  variety  of 
agents.  The  organic  lesions  differ  widely  in  various  cases.  The  sim- 
ilanty  in  the  effects  produced  in  animals  and  in  man  by  the  bacillus 
of  my  case  is  striking.  In  both,  beside  the  vascular  changes,  fatty 
degeneration  of  the  endothelial  cells,  and  rupture  with  luemorrhage 
into  the  tissues,  there  was  marked  destruction  of  the  red  corpuscles, 
with  the  accumulation  of  blood  pigment  in  the  liver,  spleen  and 
kidneys.  Of  interest  also  in  my  case  is  the  direct  and  the  retrograde 
embolism  of  the  liver  cells.  The  similarity  of  my  cases  to  typhus 
fever  is  paralleled  by  the  case  reported  by  Babes  and  Oprescu.  A 
malignant,  rapidly  fatal  course  has  characterized  several  of  the 
reported  cases,  whereas  others  have  been  of  milder  type  and  longer 
duration.  At  least  some  of  the  instances  reported  as  malignant  pur- 
pura h^emorrhagica  belong  to  the  class  of  hicmorrhagic  septicaemias. 
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BACILLUS  CAPSULATUS  (BACILLUS  PXEU]\rONI^  OF 

FRIEDLAENDER?)  WITH  ESPECIAL  REFERENCE 

TO  ITS  CONNECTION  WITH  ACUTE 

LOBAR  PNEUMONIA. 

A  Report  of  Twelve  (^vses  ik  which  Bacillus  Capsulatus 

Occurred  in  the  Medical  and  Surgical  Wards  of  the 

Boston  City  Hospital. 

By  JOSEPH  J.  CURRY,  M.  D.,  Assistant  in  Pathology,  Harvard 
Medical  School. 

{From  the  Pathological  Laboratory  of  the  Boston  City  Hosintal.) 

Method.  The  method  of  investigation  will  be  further  described  with 
the  reports  of  cases.  LofHer's  blood  serum  slants  were  used  as  a  routine 
procedure.  Descriptions  of  growth,  appearances  of  colonies,  etc.,  refer 
to  this  medium  unless  otherwise  mentioned.  In  addition  to  the  blood 
serum  the  various  solid  and  fluid  media  were  used,  as  well  as  animal 
inoculations  and  various  special  staining  methods. 

reports  of  cases. 

The  twelve  cases  in  which  the  Bacillus  capsulatus  occurred  w^ere  as 
follows:  (These  cases,  with  the  one  reported  by  Wright  and  Mallory  (1) 
in  1895,  represent  all  the  cases  in  which  the  capsulated  bacillus  was 
observed  in  the  Boston  City  Hospital  during  the  past  three  years.) 

Case  I.  Acute  lobar  pneumonia.  The  patient  entered  the  hospital 
March  15,  1896,  in  the  service  of  Dr.  V.  Y.  Bowditch,  with  considerable 
dyspncea  and  cyanosis  and  with  signs  of  consolidation  in  the  middle 
lobe  of  the  right  lung.     Death  occurred  within  24  hours  after  admission. 

Autopsy  (Dr.  Mallory),  March  16.  Anatomical  diagnosis:  Acute  fibrin- 
ous pneumonia  of  middle  lohe  of  right  lung,  v^ith  extension  into  upper  and 
loicer  lobes.  Cloudy  siuelling  of  liver,  Jcidneys  and  heart,  and  acute  splenic 
tumor. 

Coverslips  from  consolidated  lung  at  autopsy  showed  numerous  large 
and  small  bacilli  with  rounded  ends  surrounded  by  a  wide  capsule,  also 
many  small  lanceolate,  encapsulated  diplococci.  The  bacilli  were  com- 
pletely decolorized  by  Gram,  whereas  the  lanceolate  cocci  retained  the 
stain. 
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Cultures  from  the  liepatized  right  hing  showed  a  profuse,  confluent, 
colorless,  stringy,  mucoid  growth  with  a  few  small,  slightly  opaque,  pin- 
head  colonies  at  the  top  of  the  culture  medium.  The  profuse  growth 
contained  mostly  large  bacilli  with  rounded  ends,  surrounded  by  wide 
capsules  containing  from  one  to  four  rods,  decolorizing  slowly  by  Gram. 
The  small  colonies  consisted  of  irregular  groups  of  small  cocci.  The 
water  of  condensation  contained  both  the  large  capsnlated  bacilli  and 
many  lanceolate  diplococci. 

From  the  liver  there  grew  a  number  of  elevated  viscid  colonies,  vary- 
ing in  size  from  a  pin's  head  to  5  mm.  in  diameter.  These  showed  the 
same  capsnlated  bacillus  as  in  the  lung. 

The  culture  from  the  kidney  contained  8  to  10  colonies  similar  to 
those  from  tlie  liver.  Cultures  from  the  heart  and  spleen  were  nega- 
tive. 

Microscopical  sections  of  the  middle  lobe  showed  distended  alveoli 
filled  with  fibrin,  red  corpuscles,  leucocytes  and  a  moderate  number  of 
desquamated  cells.  By  the  Gram-Weigert  stain  many  lancet-shaped 
diplococci  were  found  in  the  alveolar  and  pleural  exudates.  In  sections 
stained  by  Unna's  alkaline  methylene-blue  were  seen  a  few  large  and 
medium-sized  bacilli  in  the  alveolar  exudate,  and  large  numbers  in 
the  bronchi.  In  sections  stained  by  the  Gram-Weigert  method  no 
bacilli  were  observed. 

The  capsnlated  bacillus  was  completely  decolorized  in  smears  from  the 
lung,  in  preparations  from  cultures,  and  in  sections  stained  by  the 
Gram-Weigert  method,  the  decolorization  in  smears  being  considerably 
slower  than  in  preparations  from  cultures. 

Case  II.  Gangrene  of  the  lung.  Patient  aged  68  years,  a  roofer  by 
trade,  was  brought  to  the  hospital  in  a  moribund  condition.  From 
patient's  brother  it  was  learned  that  he  had  been  sick  for  four  weeks; 
there  was  considerable  expectoration  emitting  a  foul  odor,  and  of  a 
purulent  character,  sometimes  containing  blood.  Physical  examination 
showed  evidences  of  a  large  cavity  in  an  area  about  2^  inches  in  diameter 
just  below  the  right  clavicle.  Patient  died  on  the  day  following  ad- 
mission. 

Autopsy  by  Dr.  Mallory.  Anatomical  diagnosis:  General  arterio- 
sclerosis: cjangrene  of  upper  lohe  of  rifjhf  lang.  and  acute  regetatire  endocar- 
ditis. 

Upon  the  mitral  valve  were  fresh  vegetations.  In  the  right  lung  was 
a  large  cavity  occupying  almost  the  entire  upper  lobe,  filled  with  a  foul- 
smelling  fluid,  which  contained  small  pieces  of  detached  gangrenous 
lung.     Other  parts  of  this  lung  and  the  entire  left  lung  were  normal. 
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("overslijis  fritiii  niiiicrinl  in  llu-  puliiioiiarv  cavitv  sliowod  iiiiuiy  large 
and  small  (.apsulak'd  hatilli.  some  eoeci  and  a  few  slightly  staining  rods. 
Ooverslips  from  tlie  mitral  vegetations  showed  a  few  medium-sized 
ca]>snlated  bacilli  wliiih  decolorized  by  Gram's  method. 

I'ultures  from  the  upper  lol)e  of  the  right  lung  presented  a  diffuse, 
translucent,  stringy,  mucoid  growth  of  numerous  small  and  large  bacilli, 
some  faintly  staining  rods  without  capsules,  and  a  small  number  of 
cocci. 

From  the  heart  grew  10  to  12  viscid  colonies,  varying  in  size  from  a 
pin's  head*  to  4  mm.  in  diameter,  similar  to  those  described  in  Case  I. 

The  tube  from  the  spleen  showed  5  colonies,  similar  to  those  from  the 
heart,  and  containing  the  same  capsulated  bacillus.  Cultures  from  the 
liver  and  kidneys  were  sterile. 

All  the  large  colonies  were  composed  of  the  capsulated  bacillus.  A 
guinea-pig,  weighing  410  grms.,  inoculated  in  the  peritoneal  cavity  with 
A  pure  culture  on  blood  serum,  died  in  IT  hours  with  general  peritonitis 
and  marked  congestion  of  the  liver  and  s])leen.  Cultures  from  the 
animal  gave  a  profuse  growth  of  the  same  organism  as  that  from  Case  I. 

Case  III.  Acute  croupous  pneumonia  complicated  with  acute  otitis 
media.  The  Bacillus  capsulatus  and  the  diphtheria  bacillus  were  found 
in  cultures  made  from  the  middle  ear.  The  Micrococcus  lanceolatus 
vas  found  in  the  lung,  heart's  blood  and  kidney,  but  not  in  the  middle 
ear  in  which  only  the  capsulated  bacillus  and  the  diphtheria  bacillus 
were  demonstrated.  There  was  no  extension  of  inflammation  from  the 
ear  into  the  mastoid  sinuses  or  the  cranial  cavity. 

Case  IT.  Fracture  of  base  of  skull  accompanied  by  acute  otitis 
media.  The  capsulated  bacillus  was  found  in  pure  culture  in  the  mid- 
dle ear.  from  which  there  was  no  extension  of  inflammation. 

Case  T.  Diphtheria.  In  a  young  man,  about  21.  convalescing  from 
diphtheria,  the  capsulated  bacillus  was  found,  with  the  diphtheria 
bacillus,  'in  cultures  from  the  throat.  The  capsulated  bacillus  persisted 
in  daily  culture?  from  the  throat,  until  the  patient  was  discharged  nearly 
:five  weeks  later.  Diphtheria  bacilli  were  present  in  small  numbers  for 
four  weeks.  Pure  cultures  of  the  diphtheria  bacillus,  isolated  during 
four  weeks,  failed  to  kill  guinea-pigs,  even  when  injected  in  large  quan- 
tities. 

Case  VI.  After  diphtheria.  Culture  from  the  throat  showed  difEuse 
growth  of  capsulated  bacilli  with  a  few  streptococci,  but  no  diphtheria 
bacilli. 

Case  TIL  Dijihtheria.  Capsulated  bacilli  and  diphtheria  bacilli 
isolated  in  ]mre  cultures.     In  the  nose  there  were  no  capsulated  bacilli 
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but  many  diphtheria  bacilli.  In  the  culture  from  the  throat  the  capsu- 
latecl  bacilli  grew  so  profusely  that  the  diphtheria  colonies  could  not  be 
made  out.  The  diphtheria  bacilli  in  small  numbers  were  seen  only 
after  smearing  from  the  general  surface  of  the  serum  tube  in  the  water 
of  condensation.  The  growth  of  the  capsulated  bacilli  disappeared  in 
three  or  four  days,  after  which  the  diphtheria  colonies  grew  luxuriantly. 

Case  VIII.  Diphtheria.  A  few  colonies  of  diphtheria  bacilli  and 
many  large  colonies  of  the  capsulated  bacillus. 

Case  IX.  Tonsillitis  and  pharyngitis.  Cultures  showed  a  profuse 
gi'owth  of  the  capsulated  bacillus  and  in  the  water  of  condensation  a 
moderate  number  of  streptococci.     Patient  ill  three  days. 

Case  X.  Diphtheria.  Cultures  from  the  throat  gave  a  profuse 
growth  of  capsulated  bacilli  and  a  few  colonies  of  diphtheria  bacilli. 
The  cultures  were  examined  daily  for  two  weeks.  The  capsulated 
bacillus  persisted  up  to  the  time  of  discharge.  The  diphtheria  bacillus 
disappeared  in  a  little  over  one  week.  The  attack  was  very  mild.  The 
mucous  membrane  of  the  pharynx  was  congested,  granular,  and  covered 
with  a  thick,  glairy,  slightly  opaque,  sticky  material,  resembling  a  dif- 
fuse growth  of  the  capsulated  bacillus  on  Loffler's  blood  serum.  This 
material  when  touched  Avith  a  platinum  loop  would  draw  out  in  long 
threads. 

Case  XI.  Tonsillitis.  Cultures  from  the  throat  gave  a  profuse 
growth  of  capsulated  bacilli  with  a  few  chains  of  streptococci.  The 
sjrtnptoms  cleared  up  in  a  few  days. 

Case  XII.  Diphtheria.  Cultures  from  the  throat  showed  many 
capsulated  bacilli  and  a  few  diphtheria  bacilli. 

Three  other  of  the  throat  cases  were  inspected  clinically  by  the 
wnter  and  the  throats  showed  the  presence  of  a  mucoid,  glairy  ma- 
terial similar  to  that  in  Case  X.  Of  the  foregoing  twelve  cases, 
the  first  four  were  seen  by  the  writer  only  at  the  post-mortem  exam- 
ination. The  other  cases  were  observed  clinically  as  well  as  studied 
bacteriologically.  The  six  diphtheria  cases  were  mild.  The  two 
instances  of  tonsillitis  presented  no  unusual  symptoms  and  recovered 
after  a  few  days.  In  these  eight  cases,  therefore,  the  severity  of  the 
disease  was  not  increased  by  the  presence  of  the  capsulated  bacillus. 

In  Case  I  the  capsulated  bacillus  was  found  plentifully  in  the 
bronchi,  while  but  fe\v  were  present  in  the  alveolar  exudate.  It  evi- 
dently was  not  concerned  in  the  pneumonic  process.     An  acute  endo- 
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carditis  caused  by  the  capsulated  bacillus,  iis  in  Case  II,  is  raic. 
The  writer  has  been  unable  to  find  a  report  of  a  similar  case  in  this 
country.  Weichselbauni  (2)  in  1888  reported  an  instance  of  acute 
endocarditis  due  to  a  similar  capsulated  bacillus  which  he  called 
Bacillus  capsulatus  endocarditidis. 

In  Case  IV,  in  M'hich  the  capsulated  bacillus  was  found  in  pure 
culture  in  the  middle  ear  there  was  no  extension  into  the  mastoid 
cells  or  the  cranial  cavity.  Reports  of  cases  of  acute  otitis  media  due 
to  capsulated  bacilli,  while  not  uncommon  abroad,  especially  in  Ger- 
many, are  not  very  frequent  in  this  country.  In  Case  III  the  capsu- 
lated bacillus  was  found  wath  the  diphtheria  bacillus,  and  it  is  a  ques- 
tion whether  the  former  was  responsible  for  the  inflammation,  as  we 
have  observed  several  cases  of  acute  otitis  media  in  this  hospital  due 
to  the  Klebs-Loffler  bacillus  alone. 

It  is  evident  from  these  cases  that  the  Bacillus  capsulatus,  while 
not  common  in  this  country,  is,  nevertheless,  not  an  extremely  rare 
organism.  Only  in  two  cases  (II  and  IV),  did  it  seem  to  have  any 
special  pathological  significance.  Of  the  other  two  cases  in  which 
the  bacillus  was  found  at  autopsy,  in  Case  I  there  was  a  double  in- 
fection and  death  was  due  to  the  pneumonia  which  was  caused  by  the 
Micrococcus  lanceolatus,  and  in  Case  III,  death  resulted  from  pneu- 
monia and  general  infection  with  the  Micrococcus  lanceolatus. 

DESCRIPTION  OF  THE  BACILLUS. 

The  following  description  of  the  capsulated  bacillus  obtained  from 
the  lung  of  Case  I  answers  for  each  of  the  twelve  cases. 

The  bacillus  is  thick,  of  variable  size,  with  rounded  ends,  on  an 
average  from  two  to  three  times  as  long  as  broad,  enclosed  in  an  oval 
wide  capsule,  and  often  united  in  row^s  of  two,  three  or  four  elements 
within  a  single  capsule.  Sometimes  it  grows  out  into  rods  five  or  six 
times  as  long  as  broad.  It  stains  with  the  usual  aniline  colors,  but 
not  by  Gram,  by  which  it  is  slowly  decolorized.  The  capsule  is  con- 
stant both  in  tissues  and  in  cultures.  The  capsule  can  be  stained  with 
any  of  the  usual  dyes  when  dilute  acetic  acid  is  used  for  washing  out 
the  excess  of  stain.  The  capsule  is  best  demonstrated  by  the  methods 
described  under  capsule  stain  (p.  175). 


174     Bacillus  Capsulatus  in   Connection   irifli  Lobar  Pneumonia 

Tlie  eapsulated  bacilli  isolated  from  the  twelve  cases  are  essentially 
identical.  There  are  slight  diffei-ences  only  in  degrees  of  virulence, 
when  inocnlated  snbcntaneonsly  into  guinea-pigs.  This  bacillus  is 
practically  identical  with  that  described  by  AVright  and  Mallory  (1), 
the  main  difference  being  that  Wright  and  Mallory's  bacillus  did  not 
kill  guinea-pigs  by  subcutaneous  inoculation,  whereas  subcutaneous 
inoculation  of  guinea-pigs  with  our  bacillus  was  fatal  in  from  five  to 
seven  days,  and  after  death  the  bacilli  were  found  in  each  case  in  the 
heart's  blood  and  the  various  organs. 

Colonies  on  blood  serum  after  18  hours  appear  as  slim}-  drops,  trans- 
parent, round,  elevated,  with  convex  surface.  The  size  varies  from 
a  pin's  head  up  to  5  mm.  in  diameter.  A  confluent  growth  covering 
the  entire  surface  of  the  medium  is  often  seen.  The  colonies  are  thick 
and  stringy,  and  when  touched  with  a  platinum  loop  draw  out  in  long 
threads.  The  water  of  condensation  is  thick  and  of  a  whitish  color. 
On  1  per  cent,  glucose  agar  slants  the  growth  appears  as  a  broad 
viscid  transparent  line.  The  water  of  condensation  is  thickened. 
Stab  cultures  in  1  per  cent,  glucose  agar  show  gas  formation  at  the 
bottom  of  the  tube,  and  gTOwth  along  the  entire  line  of  inoculation. 
In  gelatine  stabs,  gi'owth  occurs  along  the  entire  needle  track.  At 
the  point  of  inoculation  there  is  an  elevated  mound-like  knob  or  nail- 
head  which  is  like  that  described  by  Friedliinder  (?>).  Bouillon  be- 
comes cloudy  after  15  hours.  The  bouillon  is  thickened  and  viscid 
at  the  end  of  24  hours.  On  potato  there  is  a  profuse,  glairy,  colorless, 
viscid  growth.     Milk  is  coagulated  and  acidified. 

The  organism  kills  white  mice  and  rabbits  when  inoculated  into 
the  ear  vein.  In  guinea-pigs  intra-pcritoneal  injections  kill  in  24 
hours,  subcutaneous  inoculation  in  from  5  to  7  days.  At  the  autopsy 
there  are  found  enlargement  of  lymph  glands,  a  large  soft  spleen,  the 
blood  somewhat  thickened,  but  not  to  the  degree  described  by 
Pfeiffer  (4)  in  his  experiments  with  the  eapsulated  bacillus.  The 
adrenal  glands  of  the  guinea-pigs  were  h^emoiThagic  as  in  the  experi- 
ments of  Wright  and  ]\Iallor^^ 

The  organism  here  described  is  closely  related  to,  if  not  identical 
with,  the  bacillus  of  Friedliinder  (3),  and  its  description  agrees  closely 
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•\villi  that  of  the  caitsulaii'd  !»acilli  disiiilit'd  \)y  W'li^Jit  and  ^\lal- 
lory  (1),  Pfoitfor  (4),  Faschiiii>-  (.'.),  v..ii  I  )ungern  (6),  .Mori  (7), 
:\laiidi'v  (S),  Alud  (1»K  raidH'ii  (Id),  Maivliaiid  (111.  Loch  (\2)  and 
•othtTs  havt'  (k'sc-rihc'd  cai>!^idatt'd  hacilH  diiicriiiu  troiii  ours  oidv  in 
minor  details  and  many  of  tlicm  are  douhtUss  identical.  Most  of  the 
stndies  of  this  gronp  of  bacilli  have  been  made  by  foreign  investigators. 
Of  the  varieties  which  most  closely  resemble  ours,  besides  that  of 
"Wright  and  ^iallory,  may  be  mentioned  those  of  Friedliinder,  of 
Pfeitfcr,  of  Fascliing  and  of  Loeb.  It  is  also  probable  that  many  de- 
scribed by  others  are  identical  and  represent  varieties  of  varying  viru- 
lence.    They  certainly  are  all  closely  related. 

Several  attempts  have  been  made  to  classify  the  various  capsulated 
bacilli  but  "without  any  great  success.  AVilde  (13)  has  attempted  to 
■divide  them  into  five  groups,  but  his  classification  can  scarcely  be 
recommended,  Fricke  (14)  has  made  a  careful  comparative  study  of 
the  members  of  this  group  and  has  collated  the  characters  of  many 
reported  in  the  literature. 

Capsule  stain.  For  staining  the  capsules  both  in  cultures  and  in 
cover-glass  preparations  made  from  the  organs  a  modification  of  Welch's 
method  was  used. 

"Welch's  (15)  method  is  as  follows: 

1.  Cover  the  preparation  (prepared  without  contact  with  water)  with 
glacial  acetic  acid  for  a  few  seconds. 

2.  Drain  off  and  replace  (without  washing  in  water)  with  auiline- 
gentian-violet  solution.  The  staining  solution  is  to  be  repeatedly  added 
to  the  surface  of  the  cover-glass  until  all  of  the  acid  is  replaced. 

3.  Wash  in  aqueous  solution  of  sodium  chloride  and  examine  in  the 
same.  The  strength  of  the  salt  solution  varies  in  different  cases  from 
0.5  to  2  per  cent. 

This  method  depends  upon  the  precipitation  of  the  nnicin-like  sub- 
stance of  which  the  ca]isule  is  composed  by  the  acetic  acid,  the  precipi- 
tated material  being  insoluble  in  a  2  per  cent,  or  sometimes  weaker  solu- 
fion  of  sodium  chloride. 

I  have  found  tliat  liy  this  method  after  using  the  salt  soliition.  the 
specimen  was  often  covered  by  a  granular  deeply  staining  detritus  which 
often  made  it  difficult  to  differentiate  the  capsule.  The  following  modi- 
fication was  used  by  me  and  found  satisfactory.  It  gives  a  much  clearer 
picture  and  the  capsides  are  stained  more  deeply. 
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1.  Cover  the  preparation  with  glacial  acetic  acid  for  a  few  seconds. 

2.  Wash  off  the  acetic  acid  with  a  1  per  cent,  solution  of  potassium 
hj'droxide. 

3.  Stain  with  aniline-gentian-violet  for  one  minute  without  previously 
washing  off  the  potassium  solution. 

4.  Wash  off  excess  of  stain  quickl}^  in  water. 

5.  Dry  thoroughly  with  filter  paper  and  over  low  flame  and  mount  in 
balsam. 

If  the  specimen  is  stained  too  deeply  it  may  be  decolorized  by  washing 
lightly  in  a  0.5  per  cent,  solution  of  acetic  acid.  The  specimen  should 
be  completely  dried  before  mounting  in  balsam,  otherwise  the  bacilli 
will  soon  decolorize.  This  method  is  also  well  adapted  for  staining  the 
capsules  of  the  Micrococcus  lanceolatus.  I  have  coverslips  prepared 
in  this  way  which  have  not  faded  after  two  years.  It  may  be  added 
that  while  it  is  very  easy  to  stain  the  capsules  of  the  bacillus,  it  is  often 
very  difficult  to  stain  those  of  the  Micrococcus  lanceolatus.  If  the  slight- 
est amount  of  water  touches  the  specimen  before  the  acetic  acid  is  used 
the  capsules  are  not  stained  but  appear  as  clear  halos  around  the  cocci. 

For  staining  the  bacilli  in  sections  Unna's  strong  alkaline  methylene- 
blue,  after  the  manner  described  by  Mallory  and  Wright  (16),  was  used. 
This  stain  is  the  most  satisfactory  to  use  for  bacteria  which  decolorize 
by  Gram  and  in  connection  with  the  Gram  stain.  Sections  of  lung 
from  Case  I  showed  very  well  the  comparative  numbers  of  bacilli  and 
cocci. 

DELATION  or  THE  CAPSULATED  BACTLLITS  TO  ACUTE  LOBAR  PNEUMOTCIA. 

The  history  of  the  discoveries  concerning:  the  presence  of  bacteria 
in  croupous  pneumonia  from  the  fii*st  observations  of  EQebs  (17)  in 
1875  to  the  decisiA^e  papers  of  A.  Fraenkel  (18)  and  of  Weichsel- 
baum  (10)  in  1886  has  been  fully  given  by  Welch  (15)  and  need  not 
be  here  repeated.  Fraenkel  came  to  the  conclusion  that  the  Micro- 
coccus lanceolatus  is  the  sole  cause  of  genuine  acute  lobar  pneumonia, 
whereas  Weichselbaum,  while  recognizing  this  organism  as  the  prin- 
cipal cause,  claimed  that  about  5.5  per  cent,  of  the  cases  of  typical 
croupous  pneumonia  are  referable  to  the  Bacillus  pneumoniae  of  Fried- 
lander.  While  the  majority  of  investigators  are  probably  of 
Fraenkel's  opinion,  not  a  few,  especially  the  writers  of  text-books, 
hold  Weichselbaum's  view  that  a  small  percentage  of  cases  of  acute 
lobar  pneumonia  may  be  caused  by  the  Friedlander  bacillus  and  even 
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bv  other  bacteria.  Finkler  (20),  Hoiil  (21 )  iiiitl  Zicjuler  (22)  may  bo 
cited  as  advocates  of  tlie  latter  view. 

It  lias  been  our  experience  in  the  Boston  City  Hospital  1<i  find  tliat 
true  acute  lobar  pneumonia  is  iuvariablv  (hie  to  the  Micrococcus  hiii- 
ceolatus.  Pearce  (23)  in  his  report  of  121  cases  of  acute  lobar  pneu- 
monia -which  came  to  autopsy  in  this  hospital  from  May,  1894,  to 
May,  1897,  foimd  the  Micrococcus  lanceolatus  in  118  or  in  97^  per 
cent,  of  the  entire  number.  The  writer  (24)  reported  in  April,  1896, 
before  the  Boston  City  Hospital  Medical  Society,  his  investigations  of 
32  consecutive  cases  of  acute  lobar  pneumonia.  In  every  one  the 
Micrococcus  lanceolatus  was  found.  Welch  (15)  found  it  in  10  con- 
secutive cases  at  the  Johns  Hopkins  Pathological  Laboratory.  Like 
results  have  been  reported  by  many  other  observers. 

It  is  an  easy  matter  to  overlook  the  Micrococcus  lanceolatus,  espec- 
ially in  mixed  infections,  as  is  illustrated  by  our  Case  I.  In  this  case 
the  cultures  from  the  consolidated  lung  showed  apparently  on  first 
inspection  only  the  capsulated  bacillus,  but  examination  of  sections 
stained  by  Gram-Weigert  and  careful  examination  of  cultures  with 
the  application  of  the  Gram  stain  revealed  the  presence  of  the  Micro- 
coccus lanceolatus.  Undoubtedly  many  of  Fricdlander's  cases  were 
double  infections,  as  he  himself  described  the  micrococci  in  the  alveolar 
exudate  and  obtained  the  capsulated  bacillus  in  cultures.  It  is  of 
interest  that  Gram  (25),  working  under  Friedliinder's  direction,  de- 
vised his  stain  for  the  purpose  of  demonstrating  organisms  in  croupous 
pneumonia  which  he  at  the  time  believed  to  be  identical  with  the 
capsulated  bacteria  obtained  by  Friedliinder  in  culture,  but  which  we 
now  know  to  have  been  the  genuine  lanceolate  diplococcus,  this  very 
stain  being  one  of  the  most  valuable  means  of  differentiating  these  two 
bacterial  species  from  each  other.  The  occurrence  of  both  these 
organisms  in  the  same  case  is  not  A^ery  uncommon.  This  was  so  in 
Friedlander's  series  and  appears  to  have  been  true  for  the  cases  of 
acute  lobar  pneumonia  reported  by  Welch selbaum  as  due  to  the  capsu- 
lated bacillus.  The  capsulated  bacillus  grows  much  more  rapidly 
and  profusely  than  the  Micrococcus  lanceolatus,  thereby  inhibiting 
the  growth  of  the  latter.     It  is  well  known  that  it  is  often  difiicult  to 
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cultivate  the  Micrococcus  lanceolatiis,  especially  from  old  pneumonias, 
and  that  it  will  grow  only  on  certain  media.  Inoculation  experiments 
are  often  negative,  even  with  pure  cultures  of  the  micrococcus.  We 
cannot,  therefore,  always  depend  on  procuring  in  cultures  the  ^licro- 
coccus  lanceolatus  from  the  solidified  lung,  especially  in  older  cases, 
even  when  it  is  present.  In  a  large  percentage  of  cases  there  is  a 
general  infection  with  the  lanceolate  coccus.  We  have  cultivated  it 
repeatedly  from  the  heart's  blood  and  various  organs,  even  when  it 
did  not  appear  in  cultures  from  the  lung. 

It  is  probably  due  to  the  careful  oliservance  of  the  following  rules 
that  we  have  found  the  Micrococcus  lanceolatus  so  regularly  in  acute 
lobar  pneumonia: 

1.  Several  cultures  on  blood  serum  are  taken  from  the  solidified 
lung,  both  from  the  older  and  the  fresher  areas,  also  cultures  from  the 
heart's  blood,  kidneys,  liver  and  spleen. 

2.  Coverslip  preparations  are  made  from  various  parts  of  the 
solidified  lung,  also  from  the  pleural  and,  if  present,  the  pericardial 
exudates,  at  least'  3  or  4  preparations  being  made  from  each  loca- 
tion, and  stained  for  capsules,  and  in  such  Cases  as  Xo.  1  by  the 
Gram  stain. 

3.  Sections  of  lung  and  of  other  organs,  hardened  in  Zenkei*'s 
fluid  and  in  alcohol,  are  stained  for  histological  study,  and  for  bac- 
teriological study  both  by  Gram-Weigert  and  with  methylene-blue. 

4.  Inoculations  of  animals  are  made  when  the  results  of  the  bac- 
teriological examination  at  the  autopsy  are  not  decisive  as  to  the 
presence  of  the  Micrococcus  lanceolatus. 

Unless  similarly  complete  examinations  are  made  the  absence  of  the 
lanceolate  coccus  cannot  be  accurately  determined  in  cases  of  pneu- 
monia. The  reports  of  those  investigators  who  have  found  instances 
of  acute  croupous  pneumonia,  which  they  have  attributed  to  the  cap- 
sulated  bacillus,  cannot,  in  my  opinion,  be  accepted,  as  in  none  of 
them,  so  far  as  I  have  been  able  to  detei-mine,  have  the  foregoing 
requirements  been  rigidly  carried  out.  We  are,  therefore,  as  the 
result  of  our  investigations,  of  the  opinion  that  all  instances  of  genuine 
acute  lobar  pneumonia  are  caused  by  the  Micrococcus  lanceolatus. 
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CouiiciliiKiii.  to  whom  1  ;uii  iiKh'htcd  Tor  iiiany  suggestions  mikI  mueh 
assistance.  1  am  inch'htctl  tor  \alu:ilih'  aid  also  to  Mr.  W .  .1.  Mc- 
Donalil,  stucU'iit  at  the  Harvard  Mcclical  S(di(io|. 
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EEPOET  OF  EXPERIMENTAL  WOKK  ON  THE  DILUTION 
METHOD  OF  IMMUNIZATION  FROM  RA13IES. 

By  FOLLEN  CABOT,  M.  D.,  New  Yobk. 

(From  the  Research  iMboratorn  of  the  Department  of  Health,  Neic  York  City.) 

As  is  "well  known,  the  dried-cord  method  of  immunizing  human 
beings  from  the  active  principle  of  rabies  was  first  worked  out  and 
used  bj  Pasteur.  Since  his  death  (and  even  for  a  time  before) 
little  progress  has  been  made  in  elucidating  the  still  obscure  pathology 
of  the  disease  or  toward  the  discovery  of  the  special  germ  causing  it. 
The  dried-cord  method  of  immunization  is  the  one  used  in  Paris  and 
in  other  places  where  the  treatment  has  been  introduced  and  applied 
to  human  beings. 

In  examining  the  literature  of  the  subject  I  was  much  interested  in 
the  investigations  of  Hogyes*  in  Budapest,  by  whom  a  dilution  method 
was  employed  in  a  series  of  experiments  for  the  production  of  immuni- 
zation from  rabies.  His  hypothesis  is  that,  contrarj^  to  the  teaching 
of  Pasteur  and  others,  the  dried  cord  contains  a  dilution  pure  and 
simple  and  not  merely  an  attenuated  virus.  Therefore,  if  this  sup- 
position be  time,  a  fresh  dilution  made,  under  aseptic  precautions,  from 
the  medulla  of  a  rabbit  dead  from  rabies,  would  be  more  exact,  require 
less  time,  and  be  less  liable  to  produce  infection  by  accidental  con- 
tamination from  extraneous  organisms  which  in  the  older  method 
might  develop  during  the  drying  process.     In  Pasteur's  method  the 

*  Hogyes,  Acad,  des  Sciences  de  Biida-Pest,  Oct.  17,  1887.  CentralM.  f.  Bakter., 
1887,  ii,  579.  Abstract  -vNitli  critical  remarks  by  Eoux  in  Annates  de  VInstitut 
Pasteur,  1888,  ii,  94. 

Pest,  med.-chir.  Presse,  1887,  xxiii,  929. 

Ann.  de  Vlnst.  Pasteur,  1889,  iii,  449. 

Die  experimentelle  Basis  der  antirabischen  Schutzimpfungen  Pasteurs, 
etc.,  Stuttgart,  1889. 

Trans.  Seventh  Internat  Congr.  Eyg.  and  Demog.,  1891,  London,  1892,  iii,  30. 

Article  "  Lyssa,"  in  Nothnagel's  Spec.  Path.  u.  Tberap.,  v,  5.  Th.  2.  Abth. 
Wien..  1897. 
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cords  are  kept  from  three  to  fourteen  days  in  glass  jars  or  bottles  at 
a  temperature  of  68°  to  72°  F.  in  drv  air,  and  then  emulsified  before 
use.  Emulsifying  a  cord  is  a  long,  tedious  process,  and  considerable 
exposure  of  the  material  is  necessary. 

The  dilution  method  does  not  rest  upon  a  sufficiently  satisfactory 
experimental  basis  and  has  not  been  developed  enough  to  have  se- 
cured its  general  adoption  in  the  treatment  of  supposed  infection 
by  rabies  in  human  beings.  This  method  as  used  in  Budapest  is 
carried  out  in  the  following  manner:  A  piece  of  the  medulla 
weighing  one  gramme  is  taken  from  a  rabbit  just  dead  with  rabies. 
To  this  is  added  10  grammes  of  sterile  broth  and  then  with  a  glass 
rod  it  is  beaten  into  an  emulsion.  This  is  the  stock  solution 
from  which  the  dilutions  are  made,  and  is  of  the  strength  of  one 
part  of  fresh  medulla  to  ten  parts  of  broth.  The  dilution  used  first  is 
1-10,000,  then  on  successive  days  1-8000,  1-6000,  1-5000,  1-2000, 
1-1000,  1-500,  1-250,  1-200,  1-100,  and  finally  the  full  strength  (1-10) 
is  given.  The  quantity  of  each  solution  injected  subcutaneously  is 
usually  the  same.  The  dilutions  1-10,000  to  1-6000  are  supposed  to 
coiTespond  in  strength  to  a  cord  dried  by  the  Pasteur  method  from 
14  to  8  days.  Subdurally  injected,  they  produce  rabies  only  excep- 
tionally; the  dilution  1-5000  inoculated  subdurally  does  not  kill  all 
rabbits  and  those  Idlled  succumb  only  after  a  protracted  period  of 
incubation;  the  dilutions  1-2000,  1-1000,  1-500,  1-250,  always  kill 
and  after  gradually  lessening  periods  of  incubation.  The  dilutions 
1-100  and  1-10  act  as  quickly  as  the  very  thick  emulsion  made  from 
the  medulla  used  to  produce  rabies. 

The  advantages  claimed  for  this  method  over  the  dried-cord  method 
of  Pasteur  are,  chiefly,  much  greater  accuracy  in  giving  a  gradually 
increasing  dose,  and,  secondarily,  less  chance  of  infection  after 
removal  of  the  cord  from  the  body,  as  the  stock  solutions  are  made 
fresh  each  day  and  the  dilutions  are  made  from  them,  whereas  in  the 
Pasteur  dried-cord  method  the  cords  are  exposed  to  atmospheric 
changes  for  from  3  to  14  days  before  being  used. 

The  work  in  which  I  have  been  engaged  consists  in  modifying  the 
dilution  method  by  keeping  one  stock  solution,  from  which  the  dilu- 
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tions  are  made  daily,  tbroiigliout  the  whole  course  of.  treatment, 
instead  of  making  a  new  stock  solution  each  day  as  is  done  in  Buda- 
pest. The  advantages  of  this  procedure  over  the  Budapest  method 
I  believe  to  be  the  following:  (1)  Avoidance  of  the  tedious  process 
of  making  an  emulsion  daily;  (2)  ability  to  test  before  use  the  stock 
solution  for  extraneous  organisms,  which  may  produce  serious  sym]>- 
toms;  (3)  and  most  important  (if  this  method  eventually  proves  suc- 
cessful), the  possibility  of  sending  out  from  one  centre,  where  the 
material  is  prepared,  the  stock  solution,  with  directions  regarding  dilu- 
tions and  doses.  The  physician  in  charge  can  then  treat  cases  which 
perhaps  are  not  able  to  travel  a  long  way  from  home  for  treatment. 

TECHNIQUE    EMPLOYED    IN    PREPARING   THE    EMULSIONS    AND    GIVING    THE 
SUBDURAL   INOCULATIONS. 

As  the  result  of  considerable  experimental  work  carried  on  during 
the  last  eight  months  (the  tables  of  a  part  of  which  are  given  below) ^ 
I  now  make  and  preserA'e  a  stock  solution  in  the  following  way:  The 
brain  of  a  rabbit  dead  from  laboratory  rabies  (fixed  virus)  is  beaten 
into  an  emulsion  composed  of  8  parts  of  brain  and  80  parts  of  sterile 
glycerine  and  water.  The  amoimt  of  glycerine  used  is  ^  part  of  the 
whole  emulsion ;  at  first  f  glycerine  was  employed,  then  ^,  then  i,  and 
finally  4,  which  last  has  been  entirely  satisfactory.  As  Table  I 
(p.  185)  shows,  larger  amounts  of  glycerine  than  4  part  diminish  the 
^'irulence  of  the  virus,  increase  the  incubation  period,  and  prolong  the 
lives  of  the  animals  inoculated.  The  brain,  after  being  thoroughly 
beaten  up  and  emulsified  by  the  aid  of  a  glass  rod,  is  then  poured  into 
a  sterile  cheese-cloth  bag  and  filtered,  in  this  way  making  a  smooth 
mixture  with  no  visible  particles.  To  this  emulsion  4  part  of  glycerine 
is  then  added  and  thoroughly  mixed.  The  mixture  is  then  placed  in 
a  sterile  flask.  During  these  manipulations  eveiy  possible  precaution 
is  taken  to  avoid  bacterial  contamination.  The  flask  is  placed  in  an 
ice-chest.  This,  then,  is  the  stock  glycerine  solution  from  which  all 
dilutions  are  made.  Before  being  used,  the  solution  is  tested  for 
extraneous  germs.  Experiments  have  shown  that  a  stock  solution 
may  be  kept  in  this  way  seven  weeks  with  no  diminution  in  its  viru- 
lence.    As  a  course  of  immunization  treatment  lasts  about  2  to  4 
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weeks,  there  can  be  no  question  of  the  vimlence  of  the  stock  solution 
remaining  in  full  strength  for  that  length  of  time. 

In  nearly  all  subdural  operations  chlorofonn  was  used  as  an  anaes- 
thetic with  perhaps  2  deaths  in  50  animals.  A  collodion  dressing  has 
been  found  serviceable  as  a  protection  to  the  wound,  and  since  using 
it  no  abscess  of  the  brain  has  fonned,  as  had  previously  occurred  in  a 
few  cases.  Instead  of  holding  the  animal  during  subdural  inocula- 
tions by  tying  it  down  on  a  board  by  each  leg,  I  have  substituted  an 
app>aratus  which  has  been  used  with  satisfaction.  The  reason  for  the 
change  was  that  tying  a  rabbit  or  a  guinea-pig  to  a  board  causes  the 
animal  to  struggle  and  become  frightened  and  prolongs  the  operation. 
The  holder  which  I  have  devised  is  a  round  tin  cylinder  10  inches 
long  and  6  inches  in  diameter.  Into  one  end  of  this  fits  a  block  of 
wood  hoUoAved  out  on  the  inner  end  to  fit  the  hind  part  of  the  animal. 
This  block  is  pushed  into  the  cylinder,  according  to  the  size  of  the 
animal.  At  the  other  end,  fitting  around  the  cylinder,  is  a  movable 
bag-like  aiTangement  which  is  provided  on  the  free  end  with  a  draw- 
string. On  each  side  of  the  bag-like  arrangement  are  straps  which 
fasten  to  the  block  of  wood  by  nails.  These  straps  are  provided  ydih 
a  number  of  holes  to  provide  for  the  size  of  the  animal.  The  draw- 
string which  fits  around  the  animal's  neck,  is  pulled  fairly  tight,  and 
the  ends  are  fastened  on  two  nails  on  each  side  of  the  cradle  which 
holds  the  cylinder  in  place.  In  this  Avay  the  animal  is  held  securely 
in  a  telescope-like  apparatus.  A  smaller  size  is  preferable  for  guinea- 
pigs. 

The  virus  used  in  the  laboratory  came  from  Dr.  Ruhriih  of  Balti- 
more, and  has  been  passed  through  a  series  of  about  180  animals  until 
now  the  rabbits  show  beginning  paralysis  on  the  5th  to  6th  day; 
marked  paralysis  on  the  8th  day;  complete  paralysis  on  the  9th  day, 
and  death  on  the  10th  day.  It  has  become,  in  other  words,  a  "  fi:xed 
virus."  In  guinea-pigs  inoculated  with  this  fresh  virus,  rabies  appears 
on  the  6th  day  and  death  on  the  7th  day  after  inoculation.  These 
periods  of  incubation  are  very  constant  when  this  viiTis  is  used. 

The  experiments  detailed  in  Table  I  were  undertaken  to  test  the 
effect  of  different  proportions  of  glycerine  on  the  incubation  period 
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of  this  virus  kept  iov  1-7  wcrks  in  a  glyccriiic  solutiuii.  Al  iirst  5 
part  of  sterile  g-lyceriiie  was  added  to  an  eninlsion  of  tlie  fresli  virus, 
then  .\  part,  tlicn  '1,  and  finally  i,  Ivahhits  and  gninea-pigs  were  the 
animals  nsed  for  the  exju'riments. 

TABLE   I. 

KFKECTS    OF    DIKKKKENT    PKOPOKTIONS     OF    GLYCEIUNE    ON     DUUATION    OF     IN(  fHATION 

PERIOD. 


Proporttpn  of     i^?^°l 
I  ments. 


Glycerine. 


Kind  of  animal 
used. 


3  P-irt- 
i  part. 
i  part. 


Guinea-pigs. 
Guinea-pigs. 


Date  of  prepa- 
ration of 
vlras. 


July  7.  0  days. 

July  15.  8  days. 

Not  sufficient  to  tabulate 


Time  Bolutlon 
was  kept. 


Etfect  on  incubation 
period. 


Increased  2  days. 
Increased  1  da v. 


1  part. 

1 

Guinea-pig. 

Oct.  5. 

7  days. 

Not  increased. 

^  part. 

1 

Rabbit. 

Oct.  .5. 

10  days. 

Not  increased. 

i  part. 

4 

Rabbits. 

Oct.  13. 

7  weeks. 

Not  increased. 

1  part. 

2 

Rabbits. 

Oct.  2.5. 

5  weeks. 

Not  increased. 

Examination  of  Table  I  shows  plainly  that  the  proportion  of  i 
sterile  glycerine  in  the  stock  solution  does  not  diminish  the  A-irulence 
of  the  solution  during  a  period  of  seven  weeks,  rabies  being  produced 
at  the  end  of  this  time  with  the  same  incubation  period  as  that  pro- 
duced by  an  emulsion  freshly  made.  This  is  an  important  point, 
because  it  shows  that  one  stock  solution  may  be  kept  through  a  whole 
couree  of  treatment,  which  never  lasts  longer  than  2  to  4  wrecks. 
Many  more  experiments  were  made  to  test  the  virulence  of  solutions 
kept  in  this  way,  and  made  with  dilutions  from  a  stock  solution;  but 
the  results  simply  confirmed  those  given  and  they  need  not  there- 
fore be  repeated. 

EXPEKIMEKTS   IN  IMMUXIZING   AXIMALS   FROM   KABIES. 

The  principle  of  the  dilution  method  is  that  inoculations  of  a  very 
small  amount  of  virulent  material  do  not  produce  rabies,  and  that  the 
gradual  increase  of  the  amounts  injected  accustom  the  animal  to  the 
most  vinilent  material.     As  the  stock  solution  is  represented  by  one 
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part  of  medulla  to  10  parts  of  sterile  water  and  glycerine,  we  should 
in  the  immunization  treatment  take  a  small  part  of  this  and  dilute  it 
to  1-10,000  for  the  first  treatment,  giving  part  of  a  cubic  centimetre 
subcutaneouslj  to  each  animal  as  a  first  dose.  For  the  second  injec- 
tion, the  dilution  is  diminished  to  1-9000,  then  to  1-8000,  and  so  on, 
lessening  the  dilution  each  day.  In  Budapest  the  injections  are  begun 
with  a  dilution  of  1-10,000  and  the  strength  rapidly  increased  within 
the  period  of  two  weeks  to  a  dilution  of  1-10.  In  the  first  few 
series  of  experiments  on  immunization  of  animals  I  followed  the 
scheme  of  dilutions  and  doses  as  described  by  the  inyestigators  in 
Budapest;  but  I  now  believe  that  the  dilutions  should  be  as  follows: 
1st  day,  1-10,000;  then  upon  successive  days  1-9000,  1-8000,  1-7000, 
1-6000,  1-5000,  1-4000,  1-3000,  1-2000,  1-1000,  1-900,  1-800,  1-700, 
1-600,  1-500,  1-400,  1-300,  1-200,  and  then  this  last  dilution  employed 
until  treatment  has  been  continued  2  to  4  weeks.  Any  dilution  below 
1-200  is  likely  to  produce  rabies.  The  dose  of  these  various  dilutions 
should  be  proportioned  to  the  size  of  the  animal.  It  should  be  noted 
that  guinea-pigs  are  very  susceptible  to  the  virus  of  rabies,  apparently 
much  more  so  than  rabbits.  After  finishing  the  immunization  treat- 
ment in  each  series  of  animals,  a  subdural  inoculation  of  fresh  ^T-rus 
has  been  made  in  nearly  all  the  cases,  as  a  test  of  immunity.  These 
inoculations  have  been  made  in  some  animals  immediately  at  the  end 
of  immunization  and  in  others  within  2  wrecks  of  its  cessation.  A 
guinea-pig  or  rabbit  subdurally  inoculated  with  fresh  laboratory  virus 
invariably  dies,  unless  previously  immunized,  as  has  been  proven  in 
a  large  number  of  experiments.  If,  therefore,  after  a  subdural  in- 
oculation with  fresh  laboratoiy  virus  the  animal  does  not  die  within 
10  days,  we  may  feel  sure  that  immunity  has  been  secured  by  the 
treatment  given.  The  subdural  inoculation  test  is  the  most  severe 
we  can  employ  for  testing  the  immunity  of  an  animal. 

Table  II  shows  the  results  in  different  series  of  animals  treated  by 
the  glycerine  dilution  method  to  produce  immunity  from  rabies. 
In  the  first  experiment,  two  to  three  stock  solutions  were  used  during 
the  course  of  the  treatment  and  dilutions  made  from  them.  In  the 
last  two  series,  one  stock  solution  has  been  kept  throughout  and  the 
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daily  dilutions  made  from  it,  bcginniiiiji,-  with  a  dilutinn  of  1-10, (JUO, 
and  then  gradually  increasing  the  strength  as  described  above  until 
1-200  was  reached  in  the  case  of  the  guinea-pigs  and  1-1  (m)  in  the 
case  of  rabbits. 

TABI.K    II. 

UESULTS    OF    IMMUNIZING    TREATMENT    BY    DILUTION    METHOD. 


Highest  and 

lowest 

dilutions 

used. 

Animals 

Immune  from  ef- 

K  umber  of  animals 
In  series. 

Duration  of 
treatment. 

died  rabid 

during 
treatment. 

Died  from 
other  causes. 

ferts  of  subdu- 
ral inoculations 
after  treatment. 

A.     4  guinea-pigs 

14  days 

1-10,000 
1-10 

None 

None. 

None. 

B.     (•>  rabbits 

4  weeks 

1-10,000 
1-10 

None 

5* 

1 

C.      It  guinea-pigs 

3  weelis 

1-10,000 
1-10 

5 

1 

1  + 

D.    40  guinea-pigs 

20,  3  weelvs 
20,  4  weeks 

1-6,000 
1-10 

20 

o 

1   lost 

li: 

E.      0  rabbits 

3,  3  weeks 
1,  4  weeks 

1-10,000 
1-100 

None 

1  injured 
1  lost 

1 

F.    50  guinea-pigs 

20,  3i  weeks 
30,  4  weeks 

1-10,000 
1-200 

None 

3  suddenly 
2  injured 

20  § 

In  the  final  inoculations  to  test  immunity  control  animals  were 
inoculated  in.  the  same  way  as  the  treated  animals,  and  all  died  from 
rabies  in  T  to  10  days.  It  will  readily  be  seen  from  Table  II  that, 
while  immunity  can  be  produced  by  this  method  of  treatment,  in 
several  instances  rabies  was  produced  by  the  treatment.  This  result, 
in  my  opinion,  annuls  any  advantages  this  method  may  otherwise  have 
over  the  dried-cord  method  of  Pasteur. 

The  foregoing  results  were  obtained  during  the  year  189 T  and  the 
investigations  were  continued  during  1S98,  with  both  the  dilution 
and  the  dried-cord  methods.  I  have  had  good  opportunity  to  test 
the  dried-cord  method  of  Pasteur  during  the  past  eleven  months. 

The  Health  Department  of  Xew  York  City  has  adopted  the  Pas- 

*  This  series  was  treated  during  the  heat  of  the  summer  when  unused 
animals  in  the  laboratory  died  in  large  numbers  from  no  apparent  cause. 
Inoculations  made  from  these  animals  showed  no  evidence  of  rabies. 

t  The  other  two  animals  in  this  series  received  subcutaneous  inoculations 
with  fresh  virus,  and  lived. 

t  All  the  animals  which  lived  through  the  treatment  were  immune  from 
effects  of  subdural  inoculations. 

§  25  animals  were  not  immune  from  effects  of  subdural  inoculation. 
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teiir  antirabic  treatment  and  during  the  past  eleven  months  I  have 
treated  thirteen  cases  bv  the  Pasteur  method,  the  first  six  in  con- 
junction with  Dr.  Robert  J.  Wilson.  Besides  the  treatment  of 
human  beings  experiments  upon  animals  have  been  conducted  in 
order  to  test  the  Pasteur  method  and  various  modifications  of  it. 
The  results  have  been  in  general  confirmatory  of  those  reported 
from  the  Pasteur  Institute  in  Paris.  In  order  to  make  sure  of  the 
absence  of  contamination  from  the  inoculated  material  \xe  have  not 
only  tested  the  cords  before  using,  but  have  also  tested  the  emulsion 
of  the  cord  after  it  had  been  prepared  and  have  awaited  for  18  to  24 
hours  the  results  of  the  bacteriological  test,  the  emulsions  during  this 
period  being  kept  on  ice,  a  procedure  which  can  be  followed  without 
any  impairment  of  the  ^sarulence  of  the  emulsion,  as  we  have  proven 
experimentally.  Besides  these  precautions,  animals  can  be  simul- 
taneously treated  with  the  same  material  as  that  given  to  the  persons 
under  treatment.  Under  these  precautions  we  have  observed  no  local 
or  general  disturbance  whatever  after  the  injections.  In  four  instances 
the  emulsions  of  the  dried  cords  made  each  day  were  sent  by  a  special 
messenger  out  of  town  packed  in  ice  and  were  used  with  perfectly  sat- 
isfactory results.  We  have  thus  secured  by  the  dried-cord  method 
the  special  advantages  claimed  for  the  dilution  method  without  the 
dangers  of  the  latter. 

coxcLrsioxs. 

1.  I  have  simplified  the  dilution  method  by  using  a  stock  gly- 
cerine emulsion  of  the  virulent  cord,  from  which  the  desired  dilu- 
tions can  be  readily  prepared.  The  proportion  of  glycerine  should 
not  exceed  i  part,  if  it  is  desired  to  retain  the  full  virulence  of  the 
emulsion. 

2.  There  is  some  danger  of  giving' rabies  to  animals  in  the  dilution 
immunization  treatment,  a  dan^-er  which  is  not  present  in  the  Pasteur 
method. 

3.  The  dried-cord  method  does  not  rest  solely  upon  the  principle  of 
dilution,  but  is  based  also  upon  attenuation  of  the  ^^rus. 

4.  The  Pasteur  method  being  entirely  free  from  the  element  of 
danger  which  pertains  to  the  glycerine  dilution  method  and  resting 
upon  a  sounder  experimental  basis  is  the  one  to  be  preferred. 


A  STUDY  OF  THE  SPIXAL  CORD  BY  NISSL'S  METHOD  IN 
TYPHOID  FEVER  A^B  IN  EXPERIMENTAL  INFEC- 
TION WITH  THE  TYPHOID  BACILLUS.* 

By  JOSEPH  LONGWOETII  NICHOLS,  M.  D.,  Late  Fellow  in  PATiiOLOdY, 
Johns  IIopkins  University. 

(Fram  the  Pathological  Lahora-tory  of  the  Johns  Hopkins  Unicersity  and  Hospital.) 

Plates  II-IV. 

This  paper  presents  the  results  of  the  study  of  certain  changes  noted 
bv  means  of  Nissl's  staining  method  in  three  cases  of  typhoid  fever 
and  in  a  series  of  experimental  inoculations  of  rabbits  with  Bacillus 
typhosus.  My  observations  relate  mainly  to  the  alterations  shown 
by  this  method  in  the  motor  cells  of  the  ventral  horas  of  the 
spinal  cord  and  in  the  nerve  cells  of  the  dorsal  root  ganglia.  With 
the  Nissl  method  only  one  constituent  of  the  cell  body  is  stained  by 
the  basic  dye,  and  hence  this  is  called  the  stainable  or  chromatic  sub- 
stance. In  the  normal  nerve  cell  of  the  motor  type  this  consists  of 
coarse,  spindle-shaped  masses  which  are  regiilarly  distributed  through- 
out the  body  of  the  cell,  and,  with  their  long  axes  more  or  less  parallel, 
run  from  process  to  process.  On  closer  examination  these  masses, 
called  the  "  Nissl  bodies,"  are  seen  to  be  composed  of  an  aggregation  of 
small  deeply  staining  granules  (Held,  14).  Into  the  dendrites 
these  masses  are  continued  less  thickly  distributed  and  drawn  out  into 
thin  threads,  plastered  against  the  wall  or  angle  of  some  branch,  or 
coursing  through  the  middle  of  the  process.  The  axone  on  the  other 
hand  is  entirely  clear  of  stained  particles,  as  is  also  a  small  area  about 
its  origin,  known  as  the  "  axone  hillock."  The  nucleus  occupies  the 
centre  of  the  cell  and,  with  the  exception  of  the  nucleolus,  contains 
normally  no  substance  stainable  by  Nissl's  method.  The  nucleolus  is 
small,  sharply  outlined  and  very  intensely  stained. 
.     The  points  to  be  emphasized,  as  regards  the  nonnal  cell,  as  seen  l)y 

*  Keceived  foi-  publication  April,  1898. 
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tliis  method,  are  the  fairly  constant  size  of  cell  body,  nucleus  and 
nucleolus,  the  even,  regular  distribution  and  distinct  character  of  the 
Kissl  bodies,  the  central  position  of  the  nucleus,  the  clear  nuclear 
substance  and  the  small  deeply  staining  nucleolus. 

The  stainable  constituent  of  the  cell  body  is  now  generally  believed 
to  represent  a  nutritive  substance,  previously  soluble  in  the  fluid 
portion  of  the  cell,  but  precipitated  by  fixing  agents  as  incrustations 
upon  the  achromatic  or  unstained  portion.  The  achromatic  portion 
of  the'  body  of  the  cell  is  regarded  by  Marinesco  (22,  etc.)  as  an  un- 
stained network  prolonged  into  the  processes  as  minute  fibrils,  which 
represent  the  conducting  portion  of  the  cell.  Van  Gehuchten  (9) 
would  account  for  the  regular  shape  and  arrangement  of  the  chro- 
matic bodies  by  supposing  them  to  be  incrustations,  especially  at  the 
points  of  intersection  of  this  network. 

It  obviously  makes  no  difference  in  the  results  of  our  study  of 
pathological  effects  whether  we  believe  these  structures  to  exist  defi- 
nitely as  such  in  the  cell  during  life,  or  to  appear  only  after  death 
as  the  result  of  fixing  agents.  What  is  of  importance  is  that  they  pos- 
sess in  the  normal  cell  a  definite  arrangement,  constant  for  a  variety  of 
fixing  agents  and  stains,  though  best  shown  by  the  Xissl  method 
(Flatau,  6). 

The  normal  cell  shows  variation  from  this  type  chiefly  in  the 
amount  of  chromatic  substance.  When  this  is  present  in  larger 
amounts,  the  condition  has  been  tenned  by  Xissl  (^29,  30)  "  pykno- 
morphism,"  and  has  been  thought  to  represent  a  state  of  rest.  When, 
on  the  other  hand,  the  nutritive  element  has  been  used  up  and  chro- 
matic substance  is  scanty,  he  has.  termed  the  condition  "  apykno- 
morphism."  This  variation  in  amount  of  chromatic  substance  does 
not  alter  the  regular  shape  or  regailar  distribution  of  the  Xissl  bodies. 
When  these  are  found  broken  apart  and  destroyed,  the  condition  is 
pathological,  and  for  it  Marinesco  (21)  has  suggested  the  term  "  chro- 
matolysis." 

METHODS. 

In  the  cases  of  typhoid  fever  to  be  described  sections  were  taken  from 
the  cervical,  thoracic,  and  lumbar  regions  of  the  cord  and  their  respec- 
tive dorsal  root  ganglia  when  practicable.     Small  pieces  of  the  tissue 
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Mere  pl;u-ecl  at  onee  in  Uo  })er  tent,  alcoluil  and  allowed  l<j  reniaiji  there 
from  153  to  20  hours.  They  were  then  transferred  to  absolute  alcohol, 
and  thence  to  a  mixture  of  equal  parts  of  absolute  alcohol  and  xylol, 
remaining  in  each  12  to  20  hours,  the  longer  period  being  more  desir- 
able, as  it  produces  less  distortion.  After  5  hours  in  xylol  they  were 
kept  in  melted  paraffin  at  about  55°  C.  for  from  3  to  I  hours,  and  then 
embedded  in  parailin  liaving  a  melting  point  of  52°  C. 

The  sections  were  stained  in  Nissl's  methylene-blue  solution,  and  dif- 
ferentiated in  0.1  per  cent,  alum  solution,  as  recommended  by 
Held  (14).  For  mounting  benzine  colophonium  was  used,  the  benzine 
being  driven  off  w^ith  as  little  heat  as  possible. 

THE  HUilAN  CASES.       SPINAL  CORD. 

Of  the  three  human  cases  the  first  was  of  ordinary  character,  but  a 
very  severe  infection;  the  second  a  severe  infection  ending  in  perfora- 
tion and  sudden  death;  the  third  a  very  severe  infection  in  an  old 
man,  unrecognized  before  autopsy.  The  experimental  material  was 
derived  exclusively  from  rabbits. 

Case  I.  Man,  aged  28  years,  who  died  in  the  hospital  after  a  severe 
attack  lasting  11  days  from  date  of  onset.  The  ordinary  signs  of  typhoid 
fever  were  present,  and  there  were  no  complications  except  unusual 
nervousness  and  delirium,  and  a  short  time  before  death,  difficulty  in 
swallowing,  which  may  be  accounted  for  by  ulcers  in  the  oesophagus 
found  at  autopsy. 

The  autopsy  was  made  6  hours  after  death,  the  body  having  been 
preserved  on  ice.  In  addition  to  intestinal  ulceration,  ulcers  were  found 
in  the  gall  bladder,  stomach,  oesophagus,  larynx,  and  on  the  tongue. 

The  bacteriological  examination  showed  pure  cultures  of  Bacillus 
typhosus  in  the  liver,  spleen,  mesenteric  and  retroperitoneal  lymph 
glands,  and  urinary  and  gall  bladders.  The  ulcers  of  the  oesophagus  and 
larj-nx  contained  streptococci  and  staphylococci. 

The  number  of  altered  ner^^e  cells  in  the  cord  is  very  numerous, 
biit  in  most  of  these  the  alterations  are  not  marked,  except  in  the 
lumbar  region  of  the  cord.  The  size  of  both  cell  and  dendrites  is 
increased;  in  the  more  advanced  stages  the  cell  body  is  considerably 
enlarged.  In  the  cell  there  has  been  a  breaking  apaii,  and  partial  or 
complete  solution  of  the  chromatic  substance   or  the   Xissl  bodies, 
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advancing  from  the  region  of  the  nucleus  out  toward  the  periphery. 
The  component  granules  of  these  bodies  not  merely  are  separated  and 
partly  destroyed  but  also  appear  more  or  less  diffused  in  the  fluids 
of  the  cell,  so  as  to  form  when  precipitated  pale,  blurred  flocculent- 
looking  masses.      [Plate  II,  Fig.  1.] 

This  process  has  not  gone  on  to  the  same  extent  in  all  cells.  Some, 
notably  in  the  cervical  and  thoracic  regions,  vary  hardly  at  all  from 
the  normal  type.  Others,  and  these  in  great  numbers  in  the  lumbar 
region,  show  an  advanced  stage  of  this  form  of  chromatolysis.  In  this 
region  wherever  the  axone  with  its  hillock  is  accuratelj"  determined, 
the  dissolution  of  the  granules  is  especially  marked  in  that  portion  of 
the  cell,  and,  wherever  pronounced,  the  nucleus  has  migrated  some- 
Avhat  toward  the  opposite  side  of  the  cell.  In  these  cells  the  slightly 
enlarged  dendrites  are  almost  free  from  chromatic  substance,  rendering 
the  determination  of  the  axone,  although  not  a  more  difficult  prob- 
lem, yet  one  requiring  more  care.      [Plate  II,  Figs.  1  and  2.] 

The  achromatic  substance  has  been  altered  in  some  parts  but  very 
slightly,  and  in  such  a  way  as  to  stain  xerj  faintly  with  the  methylene- 
blue,  a  condition  which,  with  the  absence  of  the  chromatic  substance, 
serves  to  show  more  clearly  its  structure.  In  the  dendrites  and  body 
of  the  cell,  this  staining  is  of  a  more  indefinite  nature;  about  the 
axone  hillock,  the  staining  is  granular  or  net-like;  in  the  axone,  in 
the  form  of  very  few  and  fine,  parallel,  granular  streaks.  (Mari- 
nesco,  22.) 

The  nucleus  is  not  enlarged  in  the  cells  of  less  advanced  chromato- 
lysis. Under  the  low  power  in  the  nuclei  of  most  of  these  cells  there  is 
apparently  a  diffuse  blue  stain.  This,  under  the  high  power,  resolves 
itself  into  minute,  faintly  staining  granules.  In  the  more  advanced 
stages  the  nucleus,  in  addition  to  being  often  eccentric,  has  become 
considerably  enlarged,  while  the  granular  deposit  is  not  increased 
and  therefore  is  less  thickly  and  more  unevenly  distributed  witliin  it. 
In  all  stages  the  nucleolus  is  gTeatly  enlarged  and  less  deeply  stained 
than  normal.  In  many  of  the  cells  it  is  so  faintly  stained  and  so 
vacuolated  as  to  be  scarcely  visible,  while  in  others  it  is  undergoing 
complete  disintegration. 


Joseph  Longwortii    Xicliols  1!);] 

('(ISC  11.  W'diiiaii  brought  to  the  Imspital  suircrin^-  j'loiii  typical 
typhoid  fever.  The  disease  ran  an  oi'dinary  course  until  llic  morning 
of  tiie  10th  day,  when  the  patient  sank  rapidly  with  })rofuse  sweating, 
vomiting,  dull  delirium,  distended  and  tender  abdomen  and  died  at  7.30 
that  night.     There  was  a  leucocytosis  of. 22,600. 

At  autopsy,  14  hours  after  death,  a  perforation  of  the  ileum,  witli  a 
consequent  general,  sero-fibrinous  peritonitis,  was  noted  in  addition  to 
the  usual  post-mortem  appearances  of  typhoid  fever. 

T'yphoid  bacilli  were  cultivated  from  the  bile,  spleen,  mesenteric 
glands  and  kidney;  Bacillus  coli  from  the  lung,  peritoneum,  kidney, 
spleen,  and  liver. 

Obviously  the  secondary  infection  of  the  peritoneum  makes  this  not 
an  absolutely  pure  case,  but  in  view  of  the  long  period  of  infection  with 
the  typhoid  organism  and  the  shortness  of  the  secondary  infection,  the 
latter  can  be  practically  disregarded. 

The  changes  in  the  ventral  horn  cells  are  so  nearly  like  those  of 
Case  I  that  they  may  be  dismissed  "with  a  few  words.  In  the  num- 
bers of  the  cells  affected  and  the  characters  of  the  degeneration  the 
two  cases  are  nearly  identical.  The  only  difference  is  in  a  slighter 
degree  of  alteration  in  the  nucleoli,  these  retaining  in  Case  II  a  deeper 
stain  and  more  definite  outline.  In  some  cells,  although  the  -chroma- 
tolysis  spreads  inward  from  the  axone  hillock,  there  are  a  few  large 
abnormal  blocks  of  chromatic  substance  filling  in  the  corners  formed 
by  the  entrance  of  the  axone  and  the  periphery  of  the  cell. 

In  the  two  foregoing  cases,  in  spite  of  the  great  and  early  disap- 
pearance of  chromatic  substance  from  the  dendrites,  by  far  the  greater 
number  of  cells  show  the  central  form  of  chromatolysis.  The  point 
of  entrance  of  the  dendrites  is  in  nearly  all  cases  blocked  by  the 
remains  of  ^issl  bodies,  which  had  been  altered  much  less  than  those 
in  the  more  central  portion  of  the  cell  [Plate  II,  Fig.  1].  There  are 
a  few  cells,  however,  which  show  a  more  complete  destruction  advanc- 
ing from  the  periphery  and  in  which  the  nuclei  are  not  eccentric.  It 
was  noted,  however,  that  tliis  appearance  is,  in  some  cases,  in  sections 
which  do  not  show  the  nucleus,  but  have  passed  through  the  dendrites 
at  the  periphery  of  the  cell,  and  that,  in  the  succeeding  section  or  sec- 
tions, as  one  approaches  the  nucleus,  this  appearance  gives  place 
to  the  central  form  of  chromatolysis.     In  cells  showing  this  peripheral 


194  Nerve  Cells  in  Typlioid  Infection 

character  of  chromatolysis  the  nucleus  when  present  in  the  section 
is  not  eccentric,  but  it  seems  to  be  undergoing  disintegration  in  the 
centre  of  the  cell. 

Case  III.  Man,  aged  67  years,  who  entered  tlie  hospital  in  a  dull, 
listless  state,  soon  passing  to  unconsciousness,  and  from  whom  no  satis- 
factory replies  could  be  obtained.  Friends  stated  that  he  had  been 
ailing  for  two  months  with  loss  of  appetite  and  weight.  For  two  weeks 
before  admission  he  had  pains  in  the  back,  indigestion  and  shortness  of 
breath  and  was  very  thirsty.  Physical  examination  showed  a  large  area 
of  dulness  in  the  right  lower  lobe  with  friction  and  tubular  breathing. 
There  was  no  expectoration.  There  was  a  leucocytosis  of  15,000.  The 
pidse  was  138,  while  the  temperature  rose  toward  evening  to  104°  F. 
These  facts  naturally  led  to  the  diagnosis  of  senile  pneumonia.  The 
patient  died  two  days  after  admission,  and  the  autopsy  was  made 
within  six  hours  after  death. 

At  autopsy  there  was  found  a  recent  thrombus  in  the  branch  of  the 
pulmonary  artery  supplying  the  lower  lobe  of  the  right  lung,  and  con- 
solidation of  this  lobe  with  gangrene  and  perforation  of  the  visceral 
pleura.  The  spleen  was  enlarged  and  soft,  but  no  intestinal  lesions  were 
present.  The  bacteriological  examination,  however,  revealed  the  pres- 
ence of  Bacillus  typhosus  in  the  consolidated  area  in  the  lung,  in 
the  spleen,  and  in  other  organs.  This  case,  which  will  be  reported  in 
detail  elsewhere,  is  of  especial  interest  as  an  example  of  infection  with 
the  typhoid  bacillus  without  intestinal  lesions. 

Unfortunately  the  cord  in  this  case  could  not  be  removed  in  its 
entirety,  and  therefore  only  as  much  as  could  be  taken  out  through  the 
cranial  cavity  could  be  reserved  for  examination. 

In  this  case  the  earlier  alterations  described  in  the  first  two  cases 
can  be  traced  in  only  a  few  cells.  The  vast  majority  of  cells  show 
a  much  more  advanced  stage  of  alteration.  These  cells  are  swollen 
and  distorted  in  varying  degTees.  The  central  portion  of  the  cell  is 
a  mass  of  ill-defined,  extremely  pale,  flocculent-looking  material, 
studded  everywhere  with  small  round  refractive  bodies,  probably  rep- 
resenting remains  of  the  normal  achromatic  network  [Plate  II, 
Figs.  3,  4  and  5].  Scattered  along  the  periphery  are  a  few  small 
and  large  clumps  of  pale  washed-out  looldng  granules  undergoing  the 
later  stages  of  disintegration  and  solution. 
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The  imclcus  is  Large  and  swoUen,  and  spvinkUd  with  the  finely 
granular  deposit.  It  no  longer  occupies  a  position  anywhere  near  the 
centre  of  the  cell,  but  bulges  from  the  periphery.  Along  its  internal 
margin  there  is  often  a  fine  dark  line  composed  of  minute  deeply 
staining  granules  [Plate  II,  Figs.  3  and  4].  The  nucleolus  is  pale 
and  vacuolated  and  frequently  may  be  seen  to  protrude  from  the 
prominent  nucleus.  In  some  few  cells  there  seems  to  have  been  an 
actual  extrusion,  the  nucleolus  lying  free  with  the  remains  of  the 
crumpled  nuclear  membrane  about  it  [Plate  II,  Fig.  4].  This  latter 
appearance,  however,  may  be  due  to  tearing  with  the  knife,  although 
no  injury  to  the  surrounding  tissue  can  be  made  out. 

There  seems  to  be  a  marked  disappearance  of  many  processes  from 
the  cells,  perhaps  an  illusion  due  to  the  gi'eat  increase  in  size. 

THE  DOESAL  ROOT  GA^'GLIA  IN  HUMAN  CASES. 

The  consideration  of  the  dorsal  root  ganglia  in  these  cases,  as  else- 
w^here,  is  attended  with  certain  difficulties.  These  are,  chiefly,  the 
absence  of  processes,  and  the  great  variation  imder  normal  conditions 
in  the  size  of  the  cells  and  in  the  amount  and  distribution  of  the 
chromatic  substance.  Thus  Lugaro  has  divided  these  cells  into  five 
normal  types.  For  this  reason  it  has  been  thought  better  to  notice 
only  such  alterations  as  are  well  marked,  and  to  discard  all  those  of  a 
doubtful  nature.  Owing  to  the  refusal  of  permission  to  remove  the 
cord  in  the  third  case  the  ganglia  could  not  be  studied.  The  follow- 
ing statements,  therefore,  are  confined  to  Cases  1  and  II,  that  is,  to  the 
ones  showing  less  alteration  in  the  cells  of  the  ventral  horns. 

The  alterations  of  a  definite  nature  are  identical  in  both  cases  and 
present  in  only  a  few  cells.  They  consist  mostly  in  a  rarefaction  of 
the  chromatic  substance  and  extremely  eccentric  position  and  even 
bulging  of  the  nucleus.  A  mass  of  chromatic  substance  is  often  plas- 
tered against  the  cellular  margin  of  the  nucleus,  which,  though  large, 
is  much  shrivelled,  often  full  of  a  gi-anular  deposit,  and  contains  a 
very  large  pale  vacuolated  nucleolus  [Plate  III,  Fig.  12].  In  addi- 
tion a  small  number  of  cells  show  absence  of  chromatic  substance  in  a 
central  zone  between  a  ring  of  large  globular-looking  bodies  about  the 
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periphery,  and  a  collection  of  similar  bodies  immediately  about  the 
nucleus  (as  in  Eabbit  Yl,  Plate  IV,  Fig.  16). 


EXPERIMENTAL  CASES. 


SPINAL  CORD. 


In  order  to  detennine  the  constancy  and  mode  of  progi'ess  of  the 
previously  described  lesions  in  typhoid  infections  the  following  inocu- 
latory  experiments  were  made  on  rabbits: 

Inoculations  were  made  into  the  ear  vein,  using  bouillon  cultures 
of  the  typhoid  bacillus  derived  from  the  second  human  case.  The 
following  table  shows  the  character  of  each  experiment: 


TABLE 


SHOWING    HISTORY    OF    INOCULATED    RABBITS. 


Number 

of 
Animal. 


I. 
II. 

in. 

IV. 


V. 


VI. 


VII. 


2  cc.  80-br.  culture. 

2  cc.  70-lir.  culture. 

3  cc.  96-br.  culture. 

1st  day,  2  cc.  2-day  culture. 
3d  day,    2  cc.  5-day  culture. 


1st  day,  2  cc.  2-day  culture. 
3d  day,    2  cc.  5-day  culture. 


First  5  days,  1  cc. 
6th  and  7th  days,  2  cc. 
8th  day,  15  cc.   into  perito- 
neum. 


2  cc.  72-hr.  culture. 


Very  intense  reaction.     Died  in  2  hoars. 

Ordinary  reaction.     Killed  in  7  hours. 

Ordinary  reaction.     Killed  in  33  hours. 

Ordinary  reaction  after  first  dose.  After  second 
dose  animal  rapidly  succumbed  in  a  few  hours, 
i.  e.  53  hours  after  first  inoculation. 

Ordinary  reaction  after  first  dose.  After  second 
dose  animal  extremely  weak  ;  lost  weight  for 
several  days.  At  end  of  first  week  seemed 
very  feeble  in  hind  legs.  As  symptoms  of 
convalescence  began  to  appear,  animal  was 
killed  9  days  after  first  inoculation. 

Animal  very  resistant.  Blood  agglutinated 
rapidly  at  end  of  7th  day.  On  8th  day  15  cc. 
were  injected  into  peritoneal  cavity  without 
efiect.  On  23d  day  paralysis  of  bind  legs 
first  noted.  Animal  killed  and  autopsy  made 
24th  day  after  first  inoculation. 

Animal  passed  through  first  etl'ects  and  was 
allowed  to  live.  About  29th  day  paraplegia 
of  hind  legs  first  noted  ;  great  emaciation  of 
rump  and  legs.  As  symptoms  of  recovery 
set  in,  animal  was  killed  on  6-l:th  day  after 
first  inoculation. 


As  will  be  seen  by  consulting  the  talkie  an  attempt  was  made  to 
get  the  degrees  of  toxic  effect  at  different  periods. 


Joseph     l.diiiiw  i>l'l  li     .\i('lli)ls  H<7 

In  JidJihit  /,  1*  Ikmii's  nltci-  iiiociilat  ioii,  llic  cliaiigi's  llKJiigli  iioticc- 
iUili'  are  sliulit  and  cMiilincd  to  a  few  cells.  'I'liev  consist  of  sliiilit 
swcUiui;'  of  tlie  Xissl  bodies  and  a  teiideney  to  disinteural ion  and  dis- 
turbance of  their  orderly  arrangement. 

In  Babbit  JI  these  alterations,  already  in  7  lionrs,  liaxc  become 
marked,  and  notably  so  in  the  Innibar  region  of  the  cord.  They  cor- 
res]>ond  in  nature,  if  not  in  degTce,  to  those  already  described  in  the 
first  and  second  hmnan  cases,  and  consist,  as  before,  in  the  pale  washed- 
ont  fonn  of  chromatolysis  starting  from  the  axoue  hillock  and  dis- 
placing the  nnclens  slightly  to  the  opposite  side  [Plate  III,  Fig.  7]. 
The  nnclens  shows  slight  enlargement  and  the  finely  grannlar  de- 
posit. The  nncleolns  is  large,  pale  and  vacuolated.  The  enlarge- 
ment of  the  cell  and  dendrites,  the  disappearance  of  chromatic  sub- 
stance from  the  latter,  and  the  alterations  in  the  achromatic  substance 
are  not  pronounced. 

In  Rabbit  III,  which  had  been  subjected  to  infection  for  the  still 
longer  period  of  33  hours,  the  number  of  normal  cells  is  greatly 
reduced,  and  it  becomes  e"sddent  at  once  that  we  have  to  deal  with  two 
different  kinds  of  alteration.  Most  of  the  altered  cells  present  the 
same  appearance  of  central  disintegration  and  solution  of  the  granules 
spreading  from  the  axone  hillock,  with  the  accompanying  changes  in 
nucleus  and  nucleolus,  already  described  in  the  human  cases  and  the 
second  animal. 

An  appreciable  number  of  cells,  however,  present  the  type  of  per- 
ipheral destruction  observed  in  a  few  cells  of  the  first  two  human 
cases.  In  some  of  these  the  cell  body  and  processes  are  somewhat 
contracted  and  their  outline  is  no  longer  regular.  In  the  periphery 
of  the  cell  any  distinction  between  chromatic  and  achromatic  portion 
is  almost  lost,  the  whole  substance  appearing  granular  and  shred-like, 
with  here  and  there  small  chains  of  disintegTated  granules  [Plate  II, 
Fig.  6].  Toward  the  centre  of  the  cell  these  chromatic  masses  become 
more  and  more  abundant,  until  about  the  remains  of  the  nucleus  they 
are  quite  densely  packed.  The  appearance  in  some  of  these  cells  is 
as  if,  progTessing  from  the  periphery,  the  Xissl  bodies  had  been 
broken  apart  and  destroyed  in  situ,  not  washed  out  into  the  surround- 
i-t 
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ing  substance.  The  nuclear  membrane  has  disappeared,  and  the  only 
sign  of  the  position  of  the  nucleus  is  a  slightly  rarefied  area  containing 
a  dark,  disintegrating  nucleolus. 

In  some  of  these  cells  single  or  multiple  clear  areas  resembling  vacu- 
oles may  be  observed  [Plate  II,  Fig.  6],  These  con-espond,  pre- 
sumably, to  those  described  by  many  observer  in  a  variety  of  experi- 
mental intoxications,  and  seen  by  Babes  (1)  in  typhoid  and  in  other 
experimental  infections  to  contain  the  organism  used  for  inoculation. 
If  present  in  large  numbers  such  appearances  may  be  significant.  In 
my  study  this  appearance  was  observed  in  one  cell  only,  and  in  thiS' 
animal,  and  is  depicted  in  Plate  II,  Fig.  6.  Other  cells  of  this  type 
show  very  little  irregularity  of  outline  or  contraction,  while  the 
achromatic  substance  does  not  seem  much  altered.  The  granules  are 
paler  and  more  washed-out  looking,  though  more  numerous  and  in 
larger  groups  about  the  nucleus,  which  also  is  not  much  altered. 

The  whole  gray  matter  of  the  cord  of  this  rabbit  is  infiltrated  Avitli 
leucocytes,  mainly  small  mononuclears,  which  are  very  abundant  in 
the  small  dilated,  capillaries,  in  which  they  may  be  seen  in  the  act  of 
migration,  and  thus  to  invade  the  pericellular  lymph  spaces. 

In  Rabbit  IV,  which  succumbed  after  a  period  of  52  hours,  nearly 
all  the  cells  are  affected;  practically  no  nonnal  cells  can  be  found.  The 
type  of  chromatolysis  which  begins  at  the  periphery,  however,  has 
almost  disappeared,  while  the  other  or  central  form  has  become  very 
prominent.  The  former  lesion,  that  characterized  by  peripheral  de- 
struction, in  addition  to  affecting  fewer  cells  than  in  Rabbit  III, 
differs  also  in  the  absence  of  any  gTeatly  contracted  cells  and  of  the 
appearance  of  vacuolization  described  in  the  foregoing  animal.  The 
cells  resemble  the  other  variety  of  this  type.  They  are  perhaps 
slightly  enlarged,  pale,  diffusely  blue,  with  a  few  flakes  of  chromatic 
substance  grouped  about  the  nucleus,  which  is  little  altered. 

The  latter  type  of  lesion,  that  characterized  by  central  chroma- 
tolysis, in  addition  to  affecting  a  greater  number  of  cells  than  before, 
has  advanced  considerably  in  the  individual  cells.  These  are  large 
and  swollen  as  well  as  their  dendrites,  which  are  nearly  free  from  chro- 
matic substance.     At  times  one  of  two  dendrites,  which  join  to  enter 
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the  same  ooU,  is  almost  eiitiri'lv  dcprht'd  of  clii'iiiiiatie  substance,  while 
the  other  contains  more  or  h^ss  wcll-foi-mcd  A'issl  hodics,  a  difference 
Nvliicli  exists  oxen  after  llieir  juncture,  and  before  the  cell  Imdv  prrtjx'r 
is  reacdied.  The  disinteii'ratioii  and  wasliinii  out  of  the  gTanules  has 
progressed  prcttv  thorouiihly  throiiiihout  the  cell,  lea\ing  but  a  faintly 
marked  zone  of  sH<ihtly  hiri;er  collections  of  granular  debris  at  the  per- 
iphery. AVhere  the  axone  is  cut  this  alteration  as  before  may  be  seen 
to  extend  outward  from  the  axc^ne  hillocd-:. 

The  nuclei  are  only  slightly  eccentric,  and  show  the  same  general 
appearance  of  a  deposit,  grouped  especially  about  an  irregularly 
swollen  nucleolus  [Plate  III,  Fig.  8]. 

Eahhit  r  lived  for  1)  days  after  the  first  inoculation  and  during 
this  time  lost  much  weight  and  nearly  all  control  of  the  hind  legs.  The 
animal  was  killed  as  symptoms  of  recovery  began  to  appear.  The 
ventral  horn  cells  in  the  lundjar  region  showed,  contrary  to  expecta- 
tion, very  few^  cells  similar  to  those  already  described,  although  great 
care  was  taken  to  cut  in  sections  all  parts  of  this  region.  Xeverthe- 
less,  in  that  portion  just  above  the  entrance  of  the  sciatic  neiwe,  groups 
of  large  swollen  cells  were  found  with  slightly  eccentric  nuclei,  but 
in  which  Xissl  bodies  of  characteristic  shape  and  distribution  w'ere 
aiTanged  somewhat  concentrically  about  the  nucleus,  with  a  slight 
intensification  of  single  granules  in  that  region.  These  granules  are 
bright  and  freshly  staining,  and  their  aiTangement  is  verv'  regular 
[Plate  III,  Fig.  10].  From  their  position  in  the  cord  these  cells  prob- 
ably send  fibres  into  the  sciatic  nerve.  Alterations  found  in  tins  nerve 
and  the  large  size  of  these  cells  seem  to  indicate  that  they  must  have 
undergone  previously  some  change  and  probably  that  of  the  central 
type  already  described  [Plate  III,  Fig.  8].  The  newdy  formed,  reg- 
ular appearance  of  the  Xissl  bodies,  taken  in  consideration  with  the 
fact  that  this  animal  was  recovering,  suggests  strongly  the  idea  that 
these  cells  are  undergoing  a  process  of  restitution.  There  is  no  infil- 
tration ^vith  round  cells  demonstrable. 

Eahhit  VI  proved  very  resistant  to  repeated  inoculations  and  was 
allowed  to  live.  There  developed  gradually  paralysis  of  both  hind 
legs,  which  was  first  noted  on  the  23d  day.     The  emaciation  of  the 
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muscles  of  the  rump  and  legs  was  very  marked.  On  the  24th  day 
the  animal  was  killed  and  autopsied.  The  alterations  found  in  this 
case  are  of  interest  both  on  account  of  their  character  and  their  dis- 
tribution. 

In  the  cervical  cord  there  are  scarcely  any  pathological  changes. 
The  cells,  however,  are  in  an  apyknomorphic  state,  that  is,  the  chro- 
matic material  seems  to  have  been  used  up  to  a  considerable  extent,  but 
the  normal  aiTangement  still  remains.  There  are,  moreover,  some 
cells  which  are  larger  than  others  and  present  a  slight  suggestion  of 
chromatolysis  about  the  axone  hillock  and  in  the  dendrites. 

In  the  thoracic  poi-tion  of  the  cord  there  is  nothing  of  note. 

In  the  lumbar  enlargement  most  of  the  cells  are  of  the  normal 
type,  and,  in  contrast  to  those  of  the  cervical  portion,  are  in  an 
extreme  state  of  pyknomorphism.  The  Xissl  bodies  are  very  numer- 
ous, in  many  cells  slightly  smaller  than  usual,  and  connected  by  small 
threads  of  granules  forming  a  dense  network  of  chromatic  substance. 
A  very  few  cells  are  much  enlarged,  and  the  chromatic  substance  is 
disintegrated  and  undergoing  dissohition  pretty  evenly  throughout 
the  cell.  The  nuclei  and  nucleoli  in  these,  as  well  as  in  some  of 
the  cells  of  more  normal  type,  present  the  same  general  changes  as 
those  described  in  the  previous  cases. 

But  in  the  immediately  adjacent  portion  of  the  lumbar  enlarge- 
ment, just  above  the  entrance  of  the  sciatic  neiwe,  there  is  a  localiza- 
tion of  marked  alterations,  corresponding,  it  may  be  assumed,  to  the 
area  of  nervous  control  of  the  paralyzed  muscles.  A  number  of  cells 
are  still  normal  or  only  slightly  changed,  but  here  and  there  mere 
shadows  of  degenerated  cells  may  be  seen,  with  a  number  of  small 
lymphoid  cells  apparently  about  to  invade  their  territoiy. 

In  addition  to  these  two  extremes,  the  one  of  health,  the  other  of 
extreme  degeneration,  altered  cells  are  numerous,  and  indeed  in  a  very 
advanced  stage  of  pathological  change.  The  cell  and  processes  are 
enormously  swollen,  and  the  latter,  many  of  which  have  apparently 
disappeared,  are  nearly  completely  free  from  chromatic  substance.  In 
the  central  portion  of  the  cell  the  chromatic  substance  has  been  almost 
completely  washed  out,  leaving  a  few  flakes  and  pale,  minute  granules 
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soattiTc'd  aluiut  in  a  I'aiiit,  (litVusclv  liluc  liafkiirc.niiid.  Tlic  [MTi|i|icry 
is  bordorcd  Itv  a  /.niu'  wlicrc  these  lloi-cidciit.  |>alo  gran\des  arc  slightly 
more  mniu'iMiis  |  Phitc  III,  Fig.  9].  The  madeiis  in  liie  majority  of 
these  cells  is  partly  protruding  from  the  perii)hery,  and  encdoses  a 
very  irregailar,  disintegrating  nucleohis,  surrounded  hy  tiie  finely 
granular  bhie  deposit  already  mentioned.  Outside  the  nucleus  and 
along  its  cellular  margin  there  is  generally  a  fine  layer  of  more 
deeply  staining  granules  [Plate  III,  Fig.  9]. 

In  certain  of  these  cells,  notably  in  those  where  the  nucleus  is  not 
bulging  from  the  periphery  nor  very  eccentric,  the  fine  deposit  within 
the  nucleus  assumes  a  metachromatic,  })ale  violet  stain.  l>y  the 
concentration  of  these  fine  violet  granules  along  the  internal  surface 
of  the  nuclear  memlu-ane,  the  nucleus  is  thrown  into  sharp  relief 
against  the  pale  blue  of  the  more  central  portion  of  the  cell.  Some  of 
these  nuclei  are  large  and  only  slightly  irregndar  in  outline,  others 
small  and  greatly  shrunken  and  distorted.  As  in  the  others  the 
nucleoli  are  pale  and  undergoing  the  last  stages  of  disintegration.  In 
some  of  these  latter  cells,  three  zones  of  chromatolysis  may  be  sharply 
distinguished,  a  very  clear  one  immediately  about  the  nucleus,  a 
second  not  quite  so  clear  separating  it  from  the  third  or  the  border 
zone  of  larger  masses  at  the  periphery  already  referred  to. 

Rabbit  VII,  the  last  of  this  series,  w-as  first  noticed  to  be  para- 
lyzed on  the  29th  day.  Symptoms  of  recovery  becoming  marked, 
the  animal  was  killed  64  days  after  the  first  inoculation. 

In  the  cervical  cord  the  ventral  horn-cells  do  not  diifer  in  great 
degree  from  the  normal  type,  although  a  number  of  slight  variations 
exist.  These  consist  for  the  most  part  in  a  slight  increase  in  size  of 
the  cell,  and  a  little  irregularity  in  the  shape  and  distribution  of  the 
Xissl  bodies.  This  irregularity  seems  to  consist,  not  in  a  breaking 
apart  and  destruction  of  the  granules,  but  rather  in  the  addition  of 
new  sharply  staining  granules  to  those  already  present,  causing  a 
little  interference  with  the  regular  striped  appearance  of  these  bodies. 
This  is  usually  accentuated  about  the  nucleus,  which  is  a  little  swollen 
and  contains  a  few^  bluish  granules,  but  is  otherwise  normal.  Some 
cells  are  very  deficient  in  the  chromatic  substance,  especially  about  the 
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peripliery.     The  chromatic  granules  about  thp.  nucleus  in  these  cells 
are  distinct  and  stain  brilliantly  with  the  methylene-blue. 

At  about  the  level  of  the  second  lumbar  vertebra  the  cells  are  for 
the  most  part  well  formed  and  appear  vigorous.  The  chromatic  sub- 
stance is  dense  and  abundant,  and  characteristically  arranged.  The 
nuclei  of  these  cells  are  of  normal  size  and  assume  a  very  finely 
granular,  almost  homogeneous  stain.  Here  and  there  are  a  few 
smaller  cells  with  the  chromatic  substance  distinct  but  somewhat 
finely  divided. 

On  reaching  approximately  the  level  of  the  third  lumbar  vertebra 
a  very  different  and  striking  picture  is  obtained.  Corresponding 
doubtless  to  the  paralyzed  area  are  found  large  groups  of  cells  Avhich 
have  a  strong  resemblance  in  their  great  size,  eccentric  nuclei  and 
large  clear  dendrites  to  the  cells  in  about  this  region  in  the  previous 
experiment  [Plate  III,  Fig.  9].  Here,  however,  the  resemblance 
ceases.  Instead  of  the  pale,  glassy,  washed-out  centre,  the  distorted, 
shrunken  or  swollen  nucleus,  and  disintegi-ating  nucleolus,  the  cell  is 
filled  with  brightly  staining  sharp  chromatic  granules  arranged  in 
streaks  shaped  like  the  N^issl  bodies,  and  traversing  in  a  parallel  direc- 
tion the  body  of  the  cell  toward  the  dendrites,  or  concentrically  dis- 
posed about  the  nucleus,  where  the  chromatic  substance  is  especially 
abundant,  being  often  especially  dense  along  the  inner  edge  of  the 
nucleus  [Plate  III,  Fig.  11].  The  nucleus,  instead  of  being  greatly 
altered,  is  large,  regularly  spherical  or  oval,  contains  only  a  slight 
granular  deposit  and  a  normal  deeply  staining  nucleolus.  Many  gra- 
dations in  the  amount  of  chromatic  substance  may  be  seen,  but  all 
these  cells  show  this  regular,  apparently  new  formation  of  chromatic 
substance. 

That  these  cells,  as  well  as  some  of  those  described  in  the  cervical 
region,  are  in  a  state  of  regeneration  or  restitution,  is  highly  prob- 
able from  their  appearance  alone,  which  con-esponds  also  with  that 
'described  as  such  by  van  Gehuchten  (9),  Marinesco  (21)  and  othei-s. 
In  connection  with  this  should  also  be  taken  into  consideration  the 
fact  that  this  animal  showed  marked  improvement,  although  the  clin- 
ical symptoms  and  the  alterations  in  the  Xissl  bodies  are  not  always 
^correlated. 
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A  i\'\v  cells  scciii  tt>  liMVc  lost  their  mielei  ami  to  have  coiiipletely 
<l('Uoiierate(l.  These  are  jiale,  shrunken  forms  eontaine(l  in  clear  spaces, 
with  a  few  hlue  llakes  scattered  within  tlieni,  and  at  times  invaded  by 
wandi-ring:  cells. 

The  part  played  by  the  n nolens  in  the  stages  of  degeneration  and 
of  restitution  is  interesting.  As  is  well  known,  if  the  nucleus  be 
intact  the  cell  may  retain  its  power  of  regeneration.  Should  tlie 
nuclens,  however,  become  completely  degenerated  or  extruded  from 
the  cell,  this  power  is  lost  (Xissl,  28).  In  many  of  the  most  altered 
cells,  the  nuclei  which  show  marked  sigms  of  degeneration,  as  for 
■example  the  metachromatic  alteration  in  the  granular  deposit,  are 
surrounded  by  a  zone  entirely  free  from  chromatic  substance,  while  in 
regenerating  cells  about  the  noi-mal-looking  nucleus,  new  granules 
are  especially  abundant  [Plate  III,  Fig.  11].  In  other  words,  as  the 
nucleus  gives  out,  the  granules  disappear  from  about  it ;  as  the  nucleus 
recuperates,  a  new  crop  of  granules  appears  along  its  cellular  margin. 
This  looks  as  if  the  nucleus  controlled  their  fonnation,  and  thus,  upon 
the  supposition  that  they  represent  a  nutritional  element,  presided  in 
some  way  over  the  nutrition  of  the  cell.  The  appearance  of  granules 
within  the  nucleus  of  altered  cells  may  have  something  to  do  with 
this  function,  and  may  represent  an  exertion  to  replace  the  excessive 
-destruction  of  the  chromatic  substance. 

THE  DORSAL  ROOT  GAXGLIA  IN  EXPERIMENTAL  CASES. 

The  dorsal  root  ganglia  showed  changes  of  a  marked  nature  in  the 
last  four  of  these  animals.  In  the  ganglia  from  the  lumbar  region 
the  altered  cells  are  numerous.  They  are  chiefly  of  two  kinds  and  cor- 
respond in  part  to  those  already  described  in  the  human  cases. 

A  few  cells  show  a  clumping  of  the  chromatic  granules  into  large 
swollen  masses  arranged  in  a  row  around  the  peripheiy  and  gathered 
about  the  centrally  placed  and  only  slightly  altered  nucleus.  Be- 
tween these  two  situations  is  a  zone  entirely  free  from  chromatic  sub- 
stance [Plate  TV,  Fig.  16].  Others  show  no  peripheral  zone,  but  the 
chromatic  substance  is  massed  about  the  nucleus  in  the  centre  of  the 
^cell  [Plate  lY,  Fig.  17]. 
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The  majority  of  the  altered  cells,  however,  show  eccentric  nuclei. 
In  some  few  of  these  the  chromatic  substance  is  scattered  at  intei"vals 
in  large  flakes  through  the  body  of  the  cell  [Plate  IV,  Fig.  15]; 
in  others,  the  chromatic  substance  is  finely  divided,  and  in  some  of 
the  latter  the  destruction  seems  to  begin  in  one  or  more  small  areas 
[Plate  TV,  Pig.  13].  The  nucleus  is  very  eccentric,  frequently 
bulging  from  the  periphery,  and  encloses  a  pale,  very  iiTegular  nucle- 
olus. Altered  cells,  showing  in  particular  eccentric  nuclei,  are  most 
abundant  in  Rabbit  IV,  where  most  of  the  cells  of  the  ganglia  are 
thus  affected. 

In  Pabbit  V,  on  the  contrary,  there  are  few  alterations,  but  there 
is  great  uniformity  in  the  appearance  of  the  cells,  which  are  for  the 
most  part  rich  in  chromatic  substance,  especially  about  their  nuclei. 
This  difference  in  the  ganglia  in  these  two  animals  coiTesponds  very 
closely  w'ith  the  difference  in  the  same  animals  between  the  conditions 
of  the  ventral  horn  cells. 

In  Pabbit  IV,  which  died  under  the  influence  of  an  acute  attack, 
the  chromatic  substance  in  both  situations  is  much  reduced ;  Pabbit  V 
was  on  the  road  to  recovery  and  an  apparent  restitution  of  chromatic 
substance  is  observed.  This  correspondence  of  external  manifesta- 
tions and  internal  alterations  is  not  always  so  exact.  The  Xissl  bodies 
are  in  a  state  of  extremely  unstable  equilibrium  and  very  easily  influ- 
enced quantitatively.  When  such  correspondence  does  exist,  how- 
ever, it  is  worthy  of  consideration. 

The  similarity  of  these  alterations  in  the  inoculated  animals  with 
those  found  in  the  human  cases  needs  no  further  comment.  The 
lesions  are  evidently  uniform  and  constant.  In  both  the  human  and 
the  experimental  series,  the  ventral  horn  cells  show  two  fonns  of 
lesion.  One  is  indefinite  and  characterized  mainly  by  contraction  or 
slight,  irregular  enlargement  of  the  cells;  by  a  chromatolysis  marked 
in  the  periphery  of  the  cell  and  at  the  entrance  of  the  processes,  mth 
disintegrated  granules  more  numerous  about  the  nucleus  which  is 
either  normal  or  together  with  the  nucleolus  is  undergoing  destruction 
in  vhe  centre  of  the  cell.     In  some  of  these  cells  a  process  of  vacuo- 
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lizatinii  is  iioti'd,  aiul  an  ajticiri'iit  (Ii\iiriici'ati(Mi  ol'  iIk^  aclindiiatic 
portion. 

The  other  type  of  h'sion  is  definite  and  well  cliaraeterized  l)y  a 
reaiilar  enlargement  of  l)oth  eells  and  processes,  a  ])ale  Avasli('d-(»nt 
ehroniatolvsis  startinii'  from  tlie  axone  lii]|o<d\  and  snrrouiidina-  the 
somewliat  altered  nnelens,  wliiidi  is  disphiced  tn,  and  often  protrndiiif; 
from,  the  opposite  side.      'J'he  acliromatie  portion  is  hnt  little  altered. 

The  first  type  of  hsion  is  at  no  time  predominant,  it  is  most 
marked,  however,  in  T\aliliit  III,  and  decreases  somewhat  in  ]tal)l)it 
IV.  Both  these  animals  were  killed  when  the  influence  of  the  toxic 
snbstance  on  the  whole  system  was  at  its  heio-ht. 

Without  entering  into  a  full  discussion  of  the  direct  effect  of  toxic 
substances  upon  the  nerve  cell,  attention  may  be  called  to  the  general 
resemblance  between  the  alterations  of  this  first  type  and  those  which 
have  been  produced  by  a  numl)er  of  investigators  in  different  experi- 
mental intoxications,  such  as  by  arsenic,  strychnine,  alcohol,  etc. 
These  changes  are  doubtless  due  to  the  direct  action  of  poisons  on  the 
cell.  For  a  discussion  of  this  subject  reference  may  be  made  to  the 
excellent  articles  of  Marinesco  (21),  Lugaro  (16),  Flatau  (6),  and 
Goldscheider  and  Flatau  (12).  Although  slight  differences  exist  in 
the  descriptions  given  by  different  authors,  yet  the  lesions  are  essen- 
tially of  the  same  type,  and  no  doubt  in  our  typhoid  cases,  too,  they 
may  be  attributed  to  the  direct  action  of  the  typhoid  toxine. 

Babes  (1)  has  studied  the  changes  in  one  case  of  typhoid  inoculation 
in  connection  with  a  study  of  other  infections,  and  describes  only 
this  first  form  of  lesion,  which  he  believes  to  be  due  to  an  actual  inva- 
sion of  the  cell,  as  well  as  the  tissues  of  the  cord,  by  typhoid  bacilli. 
Probably  to  this  class  belong  especially  the  irregularly  contracted  and 
vacuolated  cell  forms  with  disintegTating  nuclei. 

Goldscheider  and  Flatau  (10)  and  Moxter  (25)  have  produced  by 
experimental  elevation  of  temperature,  and  Goldscheider  with  Flatau 
(11)  and  with  Brasch  (13),  Dejerine  (4),  and  Marinesco  (20)  have 
found  in  certain  affections  with  high  temperature  in  man,  an  altera- 
tion which  corresponds  closely  with  the  pale  blue  non-vacuolated 
variety  here  described.     Perhaps  these  forms  may  be  referred  to  this 
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effect,  though  the  temperature  of  the  animals,  when  taken,  was  never 
particularly  high. 

AVhether  this  lesion  is  due  to  direct  toxic  action,  to  high  tempera- 
ture, or  to  some  other  condition  or  to  a  combination  of  these  need  not 
be  further  discussed  here.  It  is  the  more  indefinite  and  not  the  pre- 
dominant and  characteristic  lesion. 

The  second  and  characteristic  lesion  is  that  which  predominates  in 
all  the  human  cases,  and  is  especially  advanced  in  the  last  of  these. 
It  is  -present  to  a  greater  or  less  degree  in  the  whole  animal  series.  It 
fii-st  shows  itself  in  Rabbits  I  and  II,  to  increase  in  III,  to  become  par- 
ticularly abundant  in  lY,  when  the  other  lesion  begins  to  disappear. 
Its  traces  may  be  seen  in  the  enlarged,  apparently  restituted  cells 
described  in  Rabbit  Y,  in  which  recovery  from  a  half  paralyzed  con- 
dition was  taking  place.  It  is  particularly  advanced,  though  confined 
to  the  lumbar  region,  in  Rabbit  YI,  which  developed  a  paralysis  of 
both  hind  legs.  In  Rabbit  YII,  paralyzed  but  recovering,  it  was 
manifested  in  the  large  cells,  with  eccentric  nuclei,  which  were  appar- 
ently undergoing  regeneration. 

This  lesion,  in  its  mode  of  onset,  its  general  characteristics  and  pro- 
gression, is  similar  in  every  way  to  the  alterations  produced  in  the  cor- 
responding cells  in  consequence  of  experimental  section  or  other  inter- 
ference with  the  function  of  the  axone,  as  described  by  xS^issl  (26,  27), 
Onufrowiez  (31),  Marinesco  (21),  Dutil  (2),  and  many  othei's.  Speci- 
mens made  in  this  way  by  Mr.  Erlanger  of  the  Johns  Hopkins  Medi- 
cal School  were  kindly  lent  to  me  for  purposes  of  comparison. 

Moreover,  an  identical  lesion  has  been  discovered  in  human  beings, 
where  the  axone  has  been  injured  or  its  function  disturbed.  Thus, 
Flatau  (7)  found  this  condition  in  two  cases  of  amputation,  and  in 
one  of  thrombosis  of  the  femoral  artery;  Adolf  Meyer  (24)  in  the 
facial  nucleus,  where  the  nerve  had  been  compressed  by  inflammation 
in  the  internal  auditory  canal;  and  Barker  (3)  after  injury  to  the 
fibres  of  the  direct  cerebellar  tract  in  spinal  meningitis  found  the  same 
change  in  the  cells  of  Clark's  column. 

Alterations  in  the  dorsal  root  ganglia  have  also  been  studied  after 
section  of  their  peripheral  nerves.     Although  this  branch  does  not 
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convsiKUul  t<i  tlif  axuiie  {•!"  tlie  ia()t<ir  (cll,  yet  it  is  ii[»|i;irciiily  the 
oulv  uiu'  which,  when  severed,  pvudiu-t's  jilteratiuiis  in  tlie  iipiiropriate 
gant-lion,  as  Lugaro  (15)  has  shown  bv  section  of  the  cord  above  the 
ganglion  examined,  and  by  section  of  its  peripheral  nerve,  liy  the 
latter  procedure  Lngaro  observed  alterations  similar  to  those  of  cells 
with  ecceiitvic  nuclei  described  in  our  typhoid  cases,  and  shown  in 
Plate  III,  Fig.  12,  and  Plate  IV,  Figs.  13,  14  and  in.  M.  A.  Flem- 
ming  (8)  and  Sadovsky  (32)  have  described,  in  addition,  cells  with  the 
chromatic  substance  massed  about  a  centrally  }»hici(l  nucleus,  as  in 
Plate  IV,  Fig.  17. 

From  the  character  of  the  alteration  in  the  motor  cells  and  dorsal 
root  ganglion,  and  its  correspondence  with  the  changes  due  to  injury 
to  the  peripheral  nerves,  it  seemed  desirable  to  search  outside  of  the 
nerve  cells  and  cord  for  the  primary  lesion.  This  resemblance,  coin- 
cident in  both  localities,  cord  and  ganglia,  at  once  suggested  examina- 
tion of  the  peripheral  ner\'es.  Unfortunately  this  was  not  done  in 
the  three  human  cases*  nor  in  the  first  three  rabbits  or  Rabbit  \L 

THE    PERIPHERAL   NERVES   IN    EXPERIMENTAL   CASES. 

As  the  lumbar  portion  of  the  cord  in  all  cases  seemed  chictiy  in- 
volved the  sciatic  nerves  were  the  ones  excised,  with  some  muscular 
connections,  and  in  Rabbit  V  in  connection  with  the  cord. 

Some  parts  of  these  were  examined  fresh,  teased  in  glycerine,  and 
stained  with  osmic  acid.  Other  portions  were  hardened  in  Miiller  s 
fluid,  and  subsequently  stained  by  ]\Iarchi's  and  Weigert's  methods; 
and  still  others,  hardened  in  Flemming's  solution  of  formaline,  were 
stained  with  carmine,  safranin,  polychrome"  methylene-blue,  iron- 
h^ematoxylin  and  erythrosin.  Some  of  the  nerves  hardened  in  form- 
aline were  stained  by  the  method  used  by  Kolosoff  for  heart  muscle, 
which  was  found  to  give  excellent  results. 

Degenerations  were  found  in  Rabbits  Xos.  IV,  V  and  VII,  the 
earliest  case  examined  being  Rabbit  IV,  which  lived  52  hours  after 

*  Since  the  completion  of  this  paper  I  have  examined  portions  of  the 
sciatic  nerve  from  a  fatal  case  of  human  tj'phoid  fever  and  have  found 
definite  parenchymatous  degeneration  similar  to  that  described  in  the 
rabbit's  nerves. 
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inoeulatioii;  iiiunerous  nerve  fibres  in  the  sciatic  were  found  degen- 
erated. These  degenerations  consisted  in  varicose  swelling  of  the 
fibres,  and  breaking  up  of  the  neurokeratin  and  myeline  sheath.  In 
these  vesicle-like  spaces  numerous  small  lymphoid  cells  and  the  shred- 
like remains  of  the  structural  network  occur,  while  the  axis  cylinder  is 
swollen,  twisted,  and  no  longer  clear  and  homogeneous.  About  these 
areas  the  small-celled  infiltration  is  quite  noticeable. 

In  the  later  animals,  especially  in  Rabbit  VII,  the  altered  myeline 
is  broken  up  into  balls  and  a  deeply  staining,  gTanular  detritus,  which 
is  collected  for  the  most  part  into  regular,  oval  or  spherical  bodies, 
suggesting  the  so-called  "  compound  granidar  corpuscles "  (Plate 
IV,  Fig.  18).  This  suggestion  is  strengthened  by  the  fact  that,  in 
sections  hardened  in  formaline  and  Flemming's  solution  and  stained 
with  polychrome  methylene-blue,  safranin,  etc.,  there  may  be  seen 
lying  within  these  swollen,  degenerated  areas,  in  addition  to  small 
lymphoid  cells,  large  swollen  cells  with  rather  pale  vesicular  nuclei, 
placed  somewhat  eccentrically,  in  a  granular-looking  protoplasm.  In 
such  nerves  the  axis-cylinder  is  broken,  twisted  and  much  enlarged, 
the  swollen  club-like  extremities  projecting  into  the  vesicular  spaces. 
In  Rabbit  VII  there  is  seen  about  the  more  degenerate  spots  a  pro- 
liferation of  the  nuclei  of  the  sheath  of  Schwann  and  of  the  inter- 
stitial tissue. 

These  lesions  are  especially  marked  in  the  gluteal,  and  some  other 
lower  branches  of  the  sciatic  nerve,  and  apparent  especially  in  the 
intramuscular  branches.  The  coiTesponding  muscles  are,  in  Rabbits 
V  and  VII,  more  or  less  affected,  showing  a  fatty  degeneration,  stain- 
ing black  with  osmic  acid,  loss  of  cross  striation,  atrophy  of  fibres, 
with,  in  the  latter  animal  at  least,  some  proliferation  of  the  intei"stitial 
tissue. 

Sections  of  the  cord  in  Rabbits  IV  and  VII  were  examined  by 
Marchi's  and  the  Pal-Weigert  method,  both  in  transverse  and  longi- 
tudinal section.  A  few  nerve  fibres,  scattered  indefinitely  through 
the  white  substance,  showed  changes  pointing  to  some  slight  degen- 
eration of  the  myeline  sheath  Init  so  slight  in  comparison  with  that 
of  the  peripheral  nerves  that  they  do  not  seem  of  much  importance. 
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]\[jirkf<l  (l(\ii('iu'r:iti(ins  arc  osscntially  ])('ri)ilicr:il  ami  arc  >\\c\\  n<  arc 
foniul  ill  tyjiical  neuritis  of  tlic  ])arciicliviii;it<ms  l'(.riii.  and  call  \<< 
mind  cs])cciallv  tliosc  dcscril)C(l  liv  Sidncv  Marlin  (l'o)  in  his  studies 
on  diphtheria. 

Tt  WDuId  seem  as  if  so  profound  an  alteration  of  tiie  nerves  and 
muscle,  a  true  AValli'rian  degeneration  of  the  former,  could  scarcely 
be  produced  l»y  juiniarv  lesions  of  the  nerve  cells,  of  the  nature  \vc 
have  described.  Such  an  iiitcrpi'etation  of  an  alteration  so  superficial 
and  slight,  as  the  disintegration  and  destruction  of  the  Nissl  bodies 
is  known  to  be  seems  out  of  the  question.  It  should  be  remembered 
that,  except  in  a  few  cells,  the  achromatic  substance  was  not  much 
altered.  Moreover,  in  one  of  the  rabbits  at  least,  the  cells  were  quite 
restored  to  integrity,  and  in  another  undergoing  a  process  of  active 
restitution. 

The  changes  could  hardly  have  been  primary  in  the  muscles,  as  in 
Rabbit  IV  these  were  not  much  altered,  while  the  nerves  were  quite 
extensively  degenerated.  Again,  although  ascending  degeneration 
may  take  place  in  peripheral  nerves,  it  is  a  process  of  longer  duration. 
"We  must  therefore  conclude  that  we  are  dealing  with  a  condition 
similar  in  its  eifects  to  section  of  a  peripheral  nerve,  that  is,  with  reac- 
tion on  the  nerve  cell  at  a  distance,  brought  ab(uit  by  changes  in  the 
nerves,  the  direct  result  of  the  action  upon  the  latter  of  the  typhoid 
poison. 

Ballet  (2)  and  Marinesco  (17,  18,  19),  in  the  cases  of  peripheral 
neuritis  examined  by  them,  found  similar  changes  in  the  nerve  cells, 
but  are  unwilling  to  infer  definitely  a  primary  alteration  in  the  nerves, 
if  much  time  has  elapsed  and  the  degeneration  in  the  cells  is  so  ex- 
tensive that  the  achromatic  portion  is  involved.  This  difficulty  is 
obviated  in  the  experimental  lesions,  where  the  whole  development  of 
the  process  may  be  traced,  and  which  tend  to  show  that  some  reliance 
is  to  be  placed  upon  this  form  of  lesion  as  an  indication  of  the  involve- 
ment of  the  peripheral  nerves.  Indeed,  the  peripheral  nerves  would 
not  have  been  examined  in  this  instance  had  not  the  lesion  found 
proved  so  constant  and  characteristic,  and  in  spite  of  the  fact  that  it 
was  expected  that  a  direct  toxic  lesion  would  be  discovered. 
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So  far  all  experiments  involving  disturbance  of  the  function  of  the 
axone  produce  constantly  this  one  characteristic  lesion.  The  fact 
that  by  infections,  poisons,  the  use  of  high  temperatures,  the  cutting 
off  of  the  circulation  from  the  cord,  etc.,  this  lesion  is  at  times  pro- 
duced, along  with  other  changes,  proves  nothing  against  its  specificity, 
as  all  these  injurious  conditions  might  act  as  well  directly  on  the  per- 
ipheral nerves  as  on  the  cells.  It  is  also  held  that  in  any  morbid 
condition  the  disturbance  of  function  of  any  one  or  all  organs  of  the 
body  produces  abnormal  conditions,  which  would  mask  the  specific 
effect  of  the  infectious  agent.  But  it  is  well  known  that  all  organs 
or  the  same  organs  are  not  affected  alike  in  the  course  of  the  same 
infection  in  different  individuals,  and  hence  such  conditions  and  the 
lesions  they  might  produce  would  not  be  constant.  The  lesions  found 
in  typhoid  fever  are  constant.  Therefore,  where  the  lesion  in  ques- 
tion is  predominant  and  constant  it  seems  as  if  it  should  be  refeired 
to  a  peripheral  effect  of  the  infectious  agent,  until  such  effect  can  be 
proved  to  be  excluded  by  examination  of  the  peripheral  nerves.  The 
exclusion  of  these,  however,  is  not  an  easy  problem,  as  it  has  been 
shown  by  Nissl  (26)  that  even  such  slight  disturbance  as  contact  of 
nerves  with  a  grain  of  salt  is  sufficient  to  produce  reaction  upon  the 
cells.  Mssl  also  observed  these  cell  alterations  6  houi*s  after  removal 
of  part  of  the  nerve,  while  Dutil  (2)  fii*st  notes  degeneration  in  the 
proximal  neiwe  stump  by  Marchi's  method  in  37  days.  Thus  an  area 
of  injury  might  be  overlooked. 

At  least  in  these  cases  of  typhoid  infection  it  would  seem  that  the 
toxine  acts  primarily  upon  the  peripheral  portion  of  the  neurone,  so 
far  as  this  can  be  affected  more  in  one  portion  than  another,  and  there 
seems  to  be  no  reason  why  a  unit  which  differs  structurally  in  its 
parts  should  not  differ  as  to  these  in  its  vulnerability.  This  means 
that  the  typhoid  toxine  is  a  powerful  peripheral  nerve  poison,  and  that 
its  effect  is  felt  early  and  continuously,  although  it  may  be  so  slight 
as  not  to  become  manifest  clinically,  or  be  so  slightly  manifested  as  to 
be  readily  overlooked  under  existing  means  of  obser^'ation  in  the 
height  of  the  disease.  Thus  a  slight  loss  of  muscular  control  might 
well  be  veiled.     At  times,  however,  some  complaint  on  the  part  of  the 
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piiticiit  attracts  the  altciitidii  dt'  tlic  |ili_\>iciaii,  ami  the  cniKlitidii  is 
roooii-nizcd.  Such,  fm-  cxaniplc,  is  jirolialilv  the  c«iii(litinii  ,,(  "  icii<h'r 
toes"  not  iincdiiiiiitiu  at  this  stage  of  the  disease,  as  suggested  h_v  Dr. 
Osier  in  Vol.  ^'  ut"  the  eTohns  Hopkins  Hospital  Ke})orts.  Sliouhl  the 
lesion  be  of  a  grave  nature  and  produce  a  jiaralvsi.s  lasting  into  con- 
valescence, then  f(ir  the  iirst  time  ^v]len  tlie  patient  attempts  to  nse 
these  mnseles,  the  true  condition  becomes  apparent,  and  "  develops  " 
as  one  of  the  many  varieties  of  post-typhoid  nenritis.  Amf)ng  these 
ocenrs,  thongli  rarely,  a  diplegia,  which  is  very  resistant  and  slow  to 
improve.  By  some  this  is,  for  clinical  reasons,  held  to  be  a  primary 
degeneration  of  the  nerA^e  cells,  a  true  poliomyelitis.  In  two  of  the 
rabbits  the  same  phenomenon  developed  bnt  was  due  evidently  to  a 
peripheral  nerve  lesion,  and  it  is  not  impossible  that  some  of  these 
nerves  may  fail  to  recover  their  peripheral  connection,  so  that  there 
ensues  a  complete  degeneration  of  their  appropriate  cells  (Flatau,  5; 
Marinesco,  18). 

The  aim  of  this  investigation,  the  determination  of  the  Xissl  changes 
in  typhoid  infection,  and,  if  found  to  be  uniform,  the  assignment  of 
some  cause  for  this  uniformity,  is  thus  attained.  I  desire  to  express 
my  thanks  for  valuable  advice  and  assistance  to  Professors  Welch, 
Flexner  and  Barker.* 

Conclusions. — (1)  The  application  of  the  Xissl  method  to  the  study 
of  the  motor  cells  of  the  spinal  cord,  and  the  nerve  cells  of  the  dorsal 
root  ganglia  in  typhoid  fever,  shows  that  these  cells  regularly  suffer 
pathological  changes  in  the  course  of  the  infection. 

(2)  The  alterations  in  the  motor  cells  are  more  constant  and  of  a 
severer  gTade  than  are  those  in  the  cells  of  the  sensoiy  ganglia.  The 
more  characteristic  changes  consist  of  disintegration,  solution  and 
destruction  of  the  chromatic  substance  of  the  cell  starting  from  the 

*  Since  writing  the  above,  a  thesis  bj-  C.  Voinot,  delivered  at  Nancy,  July 
'M,  1897,  and  entitled  "  Eecherches  anatomo-pathologiqiies  sur  la  moelle 
epiniere,"  fell  into  mj^  hands.  Of  twelve  cases  of  typhoid  fever  among 
other  infections,  five  "were  examined  by  Nissl's  method,  and  evidently  with 
results  much  as  above.  The  author,  however,  seems  to  lay  stress  upon 
alterations,  perhaps  definite,  but  slight,  found  in  the  cord  and  root  fibres, 
the  peripheral  nerves  not  having  been  examined,  and  concludes  that  this 
disease  belongs,  with  the  others  described,  in  the  categorj'  of  acute  infec- 
tious mj-elitides,  and  that  the  alteration  of  the  cells  is  coincident  merely. 
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a:xone  hillock  and  proceeding  toward  tlie  nucleus.  Cbiikcidently  the 
nuclei  of  the  affected  cells  seek  the  periphery.  Alterations  are  also 
suffered  bv  the  nucleus  and  nucleolus. 

(3)  While  this  central  form  of  chroniatolysis  is  the  prevailing  type 
of  pathological  change,  disintegration,  etc.,  of  the  Xissl  bodies  situated 
in  the  periphery  of  the  cell  and  in  the  dendrites  is  also  observed  (per- 
ipheral chroniatolvsis) . 

(•i)  In  experimental  infection  with  typhoid  bacilli  in  rabbits  a  sim- 
ilar series  of  lesions  in  the  corresponding  nerve  cells  in  the  spinal  cord 
and  ganglia  is  encountered. 

(5)  The  main  or  central  ty})e  of  lesions  discovered  is  identical  with 
that  found  in  man  and  animals  after  section,  destruction,  or  even 
slight  injury  of  the  peripheral  nerves. 

(6)  The  examination  of  the  peripheral  nerves  arising  from  the 
lumbar  segment  of  the  cord  (the  site  in  man  and  rabbit  of  the  most 
profound  changes)  in  rabbits  inoculated  with  typhoid  bacilli  showed 
well-marked  evidences  of  parenchymatous  degeneration. 

(7)  It  is  probable  that  lesions  of  the  peripheral  nerves  in  typhoid 
fever  in  human  beings  are  common  and  that  the  post-typhoid  hyper- 
sesthesias  and  paralyses  are  due  to  this  cause.. 

(8)  Restitution  of  the  chromatic  granules  may  take  place  in  the 
affected  neiwe  cells,  the  new  fonnation  beginning  about  the  nucleus 
and  extending  through  the  protoplasm. 

DESCEIPTION  OF  PLATES  II-IV. 

All  figures  were  draAvn  with  a  Zeiss  drawing  apparatus;  Figs.  3.  4  and  5 
with  Zeiss  apochr.  obj.  3  mm.,  oc.  4;  the  rest  (except  Fig.  IS)  with  Zeiss 
apochr.  oil  immers.  2  mm.,  oc.  4. 

[Measurements  given  are  the  longest  and  shortest  diameters.] 

Plate  II. 

Fig.  1. — First  human  case:  Cell  from  ventral  horn,  lumbar  region,  showing 
increase  in  size,  characteristic  form  of  chroniatolysis,  tine  deposit  in  nucleus, 
vacuolated  swollen  nucleolus,  and  absence  of  chromatic  substance  in  den- 
drites. 

Size:    cell,  78x36^;  nucl.  24x18/':  nucleol.  6x6  //. 

Fig.  2. — Similar  to  Fig.  1,  showing  also  extension  of  process  from  axone 
hillock  and  slight  dislocation  of  nucleus.  Size:  cell,  64x34  //;  nucl.  20x15  '/; 
nucleol.  7x7/'. 
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Fipf.  I?. — Third  huinaii  t-ase;  cell  from  VLMitral  horn  sh(nviiifr  progression 
of  the  lesion  shown  in  Figa.  1  and  2.  Extreme  eccentric  position  of  nucleus 
with  crumpled  membrane  and  eliromatic  granules  arranged  along  cellular 
margin.     iSueleoIus  swollen  but  not  much  altered. 

Size:  cell,  (kLx;!.?//;  nueleol.  ('>x(J/'. 

Fig.  4. — Similar  to  Fig.  2.  Shows  bulging  of  nucleus  and  extrusion  (?)  of 
nucleolus. 

Size:  cell,  75x15//. 

Fig.  5. — Similar  to  Figs.  ."}  and  4.  Somewhat  more  extensive  chromatolysis, 
and  swelling  of  cell. 

Size:    cell,  75x15  u. 

Fig.  6. — Rabbit  III.  Ventral  horn  cell.  Indefinite  "  toxic  "  type  of  alter- 
ation; one  small  vacuole  is  shown  containing  a  small  oval  bod3',  resembling 
A  bacillus. 

Size:  cell,  70x24'/;  nueleol.  4x4//. 

Plate  III, 

Fig.  7. — Rabbit  II.  Characteristic  central  lesion  in  earlier  stage.  Central 
•chromatolysis  beginning  about  axone  hillock,  and  spreading  toward  nucleus, 
which  is  slightly  eccentric.  On  the  opposite  side  the  Nissl  bodies  are 
swollen  and  disintegrating. 

Size:    cell,  49x32//;  nucl.  18x12//;  nueleol.  4x4 //. 

Fig.  8. — Rabbit  IV.  Same  lesion  further  advanced.  As  yet  not  much 
eccentricit}-  in  nucleus.     Compare  with  Figs.  1  and  2. 

Fig.  9. — (Rabbit  paralyzed.)  Great  enlargement  of  cell,  and  destruction 
of  chromatic  substance.  Loss  of  processes.  Eccentric  nucleus.  Disinte- 
grating nucleolus.  [Note  double  nucleoli  not  uncommon  in  rabbits.j 
(Compare  with  Fig.  4.) 

Size:  cell,  100x36//;  nucl.,  28x14//;  nueleol.,  5x4//. 

Fig.  10. — Rabbit  V.  Type  of  large  cells  in  ventral  horn  found  above 
entrance  of  sciatic,  and  apparently  nearly  restored  to  integrity. 

Size:  cell,  90x60 /<;  nucl.  26x20//;  nueleol.  6x6//. 

Fig,  11. — Rabbit  VII,  Type  of  cell  of  ventral  horn  in  altered  area  appar- 
ently showing  first  stages  of  regeneration.     (Compare  with  Figs.  8  and  9.) 

Size:  cell,  62x82 ,«;  nucl.  20x20//;  nueleol.  5x5, u. 

Fig.  12. — Second  human  case;  cell  from  lumbar  dorsal  root  ganglion.  De- 
struction of  chromatic  substance  and  eccentric  nucleus. 

Size:  cell,  56x40//;  nucleus,  16x10//;  nucleolus,  5x6//. 

Plate  IV. 

Fig.  13. — Rabbit  V.  Similar  to  Fig,  14,  Cell  from  lumbar  dorsal  root 
ganglion. 

Fig.  14.  Rabbit  IV.  Shows  destruction  of  chromatic  substance  in  two 
areas  in  cell  body.     Lumbar  dorsal  root  ganglion. 

Fig.  15. — Rabbit  VII  (paralyzed).  Remains  of  chromatic  substance  scat- 
tered as  large  shreds  through  body  of  cell.  Bulging  of  nucleus  from  per- 
iphery.    Lower  lumbar  ganglion. 

Fig.  16. — Rabbit   VI    (paralyzed).     Clear   zone    separating   peripheral    col- 
lections of  granules.     Exaggeration  of  normal  condition  (?).     Lumbar  dor- 
-sal  root  ganglion. 
15 
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Fig.  IT. — Eabbit  YII  (paralyzed).  Classing  of  chromatic  substance  about 
nucleus.  Condition  found  in  a  number  of  cells  in  Eabbits  V,  VI  and  VII, 
but  not  always  so  well  marked.     Lowest  lumbar  root  ganglion. 

Fig.  18. — Eabbit  YII.  Sciatic  nerve,  hardened  in  Miiller's  fluid,  stained 
bj^  Marchi's  method.  Myeline  sheath  broken  up,  and  detritus  contained  for 
the  most  part  in  granular  cells.     Zeiss  objective  D,  ocular  4. 
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THE   THEKMAL  DEATH-POi A' T   OF  TUBEECLE  BACILLI 
IX  MILK  AND  SOME  OTHER  FLUIDS. 

By  THEOBALD  SMITH,  U.  D. 

(From  the  Laboratories  of  Comparative  Pathology,  Harvard  Medical  School,  and 
the  Massachusetts  State  Board  of  Health.) 

In  the  comparative  study  of  tubercle  bacilli  from  various  sources 
recently  published,*  an  experiment  was  made  to  learn  whether  any 
differences  towards  heat  would  be  manifested  by  cultures  from  man 
and  from  cattle.  Pursuing  the  methods  hitherto  employed,  I  sus- 
pended the  bacilli  in  milk  and  exposed  the  suspensions  at  60°  C.  for 
different  periods  of  time.  The  result  was  at  variance  with  current 
notions  of  the  resistance  of  tubercle  bacilli  at  this  temperature.  A 
second  trial  gave  a  result  quite  at  variance  with  the  fii-st,  so  that  a 
third  trial  was  made.  Quite  unintentionally  I  was  drawn  into  a  series 
of  experiments  extending  over  a  period  of  more  than  18  months, 
which  have  yielded  several  facts  not  anticipated,  and  destined  to 
change  somewhat  our  conceptions  of  the  heat-resisting  power  of 
tubercle  bacilli.  Before  detailing  the  tests,  a  brief  review  of  the 
experiments  of  others  will  aid  us  in  appreciating  the  necessity  for 
the  present  work.  In  all  my  tests  I  restricted  myself  to  the  tem- 
perature of  60°  C.  in  order  to  keep  the  work  within  certain  narrow 
limits.  I  shall  therefore  confine  my  review  to  the  determinations  of 
othere  at  that  temperature. 

Sternbergi  in  188T  inoculated  a  guinea-pig  with  sputum  exposed  at 
60°  C.  for  10  minutes.     The  animal  remained  unaffected. 
YersinJ  in  1888  tested  an  old  glycerine  bouillon  culture  in  which  the 

*  Theobald  Smith:  A  Comparative  Studj'  of  Bovine  Tubercle  Bacilli  and  of 
Human  Bacilli  from  Sputum,  Jourxai.  of  Experimental  ^Medicine,  1898, 
iii,  451. 

t  Sternberg-,  Disinfection  and  Disinfectants,  etc.,  by  the  Committee  on 
Disinfectants,  appointed  by  The  American  Public  Health  Association,  p. 
148.     Concord,  X.  H.,  1888. 

JYersin,  Annales  de  VInstitut  Pasteur,  1888,  ii,  60. 
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bacilli  appeared  "  sporulating."  Heated  for  10  minutes  at  a  temperature 
of  60°  C.  in  small,  sealed  tubes,  tliey  still  multiplied  and  produced  dis- 
ease in  rabbits. 

Granclier  and  Ledoux-Lebard*  found  avian  cultures  dead  after  an 
exposure  of  20  minutes  at  60°  C,  but  not  after  10  minutes.  Human 
cultures  were  dead  after  an  exposure  of  15  minutes.  Bonhoffj  culti- 
vated a  human  tubercle  bacillus  of  unknown  history  in  glycerinated 
calf's-lung  bouillon.  An  exposure  of  such  a  culture  for  20  minutes  to 
60°  C.  destroyed  the  bacilli. 

de  Man;};  in  Forster's  laboratory  made  a  series  of  tests  with  tuber- 
culous tissue.  The  thermal  deathpoints  established  by  him  are  now 
generally  published  in  text-books.  He  used  chiefly  the  disintegrated, 
semi-fluid,  cheesy  matter  from  tuberculous  udders.  His  exposures  in 
sealed  tubes  at  60°  C.  may  be  briefly  summarized.  After  an  exposure 
for  15,  30  and  45  minutes  2  guinea-pigs  inoculated  with  material  from 
each  exposure  became  tuberculous.  A  repetition  of  this  test  yielded 
the  same  results.  Two  guinea-pigs,  inoculated  with  material  from  two 
separate  exposures  for  60  minutes,  remained  well.  Sputum  exposed  for 
60  minutes  Avas  equally  innocuous.  From  these  results  it  has  been  gen- 
erally assumed  that  it  takes  60  minutes  at  60°  C.  to  kill  tubercle  bacilli. 

Woodhead§  fed  milk,  from  a  tuberculous  udder,  which  had  been  ex- 
posed for  15  minutes  to  60°  C.  to  6  guinea-pigs  without  any  effect. 
Similarl}^,  milk  heated  for  30  minutes  had  no  effect  on  5  guinea-pigs  fed 
with  it.  On  the  other  hand,  milk  heated  15  minutes  at  60°  C.  and 
injected  into  the  peritoneal  cavity  produced  tuberculosis  in  2  of  3 
guinea-pigs.  Of  three  guinea-pigs  inoculated  in  the  same  way  with  milk 
heated  30  minutes  one  became  tuberculous.  In  another  series  of  ex- 
periments with  milk  from  a  tuberculous  udder  no  disease  resulted  from 
milk  heated  25  or  more  minutes.  Milk  heated  for  shorter  periods  was 
not  injected.  Experiments  were  also  made  with  milk  to  which  ground 
and  minced  tuberculous  tissue  had  been  added.  In  such  milk  artifi- 
cially infected,  the  tubercle  bacilli  were  in  some  instances  still  alive 
after  two  hours'  exposure. 

This  brief  sui-vey  shows  that  these  various  tests  were  made  under 
such  different  conditions  that  thev  cannot  be  utilized  to  define  the 
thermal  deathpoint  of  tubercle  bacilli  even  if  the  results  were  fairly 

*  Grancher  and  Ledoux-Lebard,  Arch,  de  mcd.  exper.,  1892,  iv,  1. 

t  Bonhoff,  Hygienisclie  Rundschau,  1892,  ii,  1009. 

X  de  Man,  Arch.  f.  Hygiene,  1893,  xviii,  133. 

§  Woodhead,  Eeport  of  the  Eoyal  Commission  on  Tuberculosis,  1895,  p.  146. 
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concordant.      Tliere  was,  tlKTofure,  aiiijilc  jii.^tiliralinn  for  a  r(]>cliti<in 
of  these  experiments  with  cultures  of  known  history. 

Milk  was  at  first  used  exclusively  as  the  suspending  fluid  for  obvious 
reasons.  Later  im  it  became  necessary  to  use  simpler  fluids,  such  as 
bouillon,  distilled  water  and  physiological  salt  solution  to  clear  up 
the  discordant  results  obtained  wdth  milk.  The  manipulations  were 
modified  from  one  test  to  another  cither  to  remove  some  supposed 
defect  of  fonner  methods  or  to  answer  certain  new  queries  which 
former  tests  had  raised.  The  cultures  used  were  all  isolated  by  me 
and  their  history  is  given  in  a  former  publication.*  Blood  serum 
from  the  dog  set  at  75°  to  76°  C.  was  used  exclusively  as  the  culture 
medium.  The  suspensions  were  made  by  rubbing  masses  of  bacilli 
against  the  inner  surface  of  sterile  test-tubes  near  the  bottom  until 
a  fairly  homogeneous  coating  had  been  formed.  The  rubbing  was 
done  with  a  heavy  platinum  wire  beaten  into  the  form  of  a  slender 
spatula.  The  suspending  fluid  was  then  poured  into  the  tube  and 
thoroughly  stirred.  The  resulting  suspension  still  contained  many 
clumps  of  bacilli  made  up  of  a  few  to  30  or  more  rods.  The  tubes 
thus  prepared  were  exposed  in  a  water-bath  (Experiments  T,  II),  or 
else  other  tubes  were  used  to  which  definite  quantities  of  the  original 
suspension  had  been  added.  In  all  cases  the  suspensions  were  injected 
directly  into  the  peritoneal  cavity  of  guinea-pigs  in  order  to  give  the 
bacilli  the  best  opportunity  for  multiplication.  Further  details  are 
given  in  the  following  account  of  the  tests  descriljed  in  the  order  in 
which  they  were  made. 

Experiment  I.  June  4,  1897.  Bovine  culture  II  and  sputum  culture 
II  were  used.  Growth  of  former  a  thin  layer  like  ground  glass  in  ap- 
pearance; growth  of  latter  much  richer.  Suspensions  made,  as  de- 
scribed, in  tubes  of  moderately  heavy  glass  having  an  internal  diameter 
of  15  to  18  mm.  and  provided  with  a  glass  cap  ground  to  the  tube  and 
having  a  narrow  ventilating  tube  above  plugged  with  glass  wool.  This 
kind  of  tube  differs  from  ordinary  test-tubes  simply  in  having  more  lim- 
ited ventilation.  About  10  cc.  of  milk,  previously  heated  to  60°  C, 
was  added  with  a  pipette  and  the  suspension  gently  stirred.  The  tubes 
were  then  clamped  in  a  water-bath  kept  at  60°  C.  with  occasional  fluc- 

*  Loc.  cit. 
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tuations  of  0.5°  above  or  below  this  point.  From  each  tube  about  2  cc. 
of  milk  were  removed  with  a  sterile  pipette  at  the  end  of  30,  45,  60  and 
75  minutes.  Each  time  the  suspension  was  gently  stirred  by  forcing  it 
back  from  the  pipette  to  counteract  the  settling  of  the  bacilli.  Great 
care  was  taken  not  to  soil  the  walls  of  the  tube  above  the  level  of  the 
fluid.  The  tubes  themselves  -were  immersed  to  a  depth  of  about  10  cm., 
the  surface  of  the  suspension  being  about  5  cm.  below  the  surface  of  the 
water-bath. 

The  vitality  of  the  bacilli  was  tested  by  injecting  about  1  cc.  into  the 
peritoneal  cavity  of  guinea-pigs.     Further  details  are  given  in  Table  I. 


TABLE  I  (EXP.   I).- 

-Suspensions 

IN  Milk. 

Desisnation 

of 

culture. 

Time  of 
exposure 
to60°C. 

Quantity 

injected 

in  cc. 

Weight  of  guinea- 
pigs  in  grammes. 

Result. 

Remarlis. 

Initial. 

Final. 

c 

30  minutes. 

1 

548 

565 

- 

Chloroformed  in  18  days;  6  to 
8  nodules  on  omentum. 

45 

1 

480 

.514 

— 

Chloroformed  in  39  days;  sev- 

Bovine II    ^ 

60 

1 

435 

415 

- 

eral  nodules  on  omentum. 
Chloroformed  in  26  days;  sev- 
eral nodules  on  omentum. 

I 

75 

1 

375 

445 

— 

Chloroformed  in  26  days;  sev- 

eral nodules  on  omentum. 

r 

30 

1 

448 

471 

— 

Chloroformed  in  39  days;  no 

lesions. 

1 

45 

1 

412 

474         - 

Chloroformed   in    43  days;   6 

Sputum  II  -I 

nodules  on  omentum. 

60 

1 

415 

462         - 

Chloroformed  in  43  days;  10 

' 

nodtiles  on  omentum. 

75 

1 

375 

350        - 

Chloroformed  in    26  days;   6 

I 

nodules  on  omentum. 

In  this  first  test  no  inoculations  were  made  with  uuheated  suspen- 
sions, as  it  was  supposed  that  if  it  takes  60  minutes  to  kill  tubercle  bacilli 
at  60°  C.  the  animals  receiving  the  milk  heated  30  minutes  would  be 
equivalent  to  control  animals.  This,  however,  failed  to  be  the  case,  as 
all  animals  remained  free  from  disease.  This  unexpected  result  sug- 
gested the  possibility  that  the  cultures  may  have  been  dead  when  used. 
An  examination  of  the  culture  records  showed,  however,  that  subcultures 
from  the  cultures  used  in  the  experiment  were  fertile.  There  was  noth- 
ing in  the  appearance  of  the  cultures,  only  11  days  old,  to  suggest  loss  of 
vitality. 

E.rperimeid  IT.  June  25,  1897.  Sputum  culture  III  and  swine  cid- 
ture  I  used.     Both  13  days  old.     Growth  of  sputum  culture  rich,  that 
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of  tlu'  othor  loss  so.  The  proiodure  diU'ei-eil  from  that  of  JOxiu'rinicin  I 
in  that  the  milk  was  added  cold  to  the  smeared  tube.  Due  allowance  for 
the  waniiiii'T  of  the  fluid  is  made  in  the  general  summary  given  in 
Tal)k^  IX  (p.  230).  C'ovorslii)  preparations  showed  the  swine-cuUure  sus- 
IK'iision  to  l)e  denser  tlian  the  other.  Tlie  iuocidation.-?  are  given  in 
Table  II. 

TABLE  II  (EXP.  II).— Suspensions  in  Milk. 


■ 

Weight  of  eulnea- 

Designation           Time  of 

Quantity 
Injected 

pigs  In  g 

rainmes. 

of 

exposure 

Uesult. 

Kcmarkg. 

culture. 

to  60°  C. 

In  cc. 

Initial. 

Final. 

0  minutes. 

1 

555 

260 

+ 

Dying  on  27th  day;  chlo- 
roformed. General  tuber- 
culosis. 

15 

1 

520 

545 

+ 

Chloroformed  in  46  days; 
lesions  in  omentum,  lymph 
si^lands,  spleen,  liver. 

30 

1 

475 

493 

— 

Chloroformed  in  47  days ; 
about  a  dozen  nodules  on 

s 

putumlll- 

omentum. 

45 

1 

437 

527 

+ 

Chloroformed  in  55  days; 
nodules  and  larger  necrotic 
foci  on  omentum.  Tuber- 
culous retrogastric  gland; 
minute  yellow  spots  in 
liver.  Thoracic  glands  en- 
larged  but    free  from  ne- 

I 

croses. 

•■ 

0 

1 

600 

+ 

Dies  in  13  days.  Usual  acute 
tuberculosis  following  ab- 
dominal injection. 

15 

1 

550 

570 

+ 

Chloroformed  in  45  days. 
Tuberculosis  of  all  thoracic 

Swine  1- 

and  abdominal  glands.  A 
few  foci  in  spleen  and  liver. 

30 

1 

482 

492 

— 

Chloroformed  in  47  days. 
Some  nodules  on  omentum. 

1  145         " 

1 

422 

425 

+ 

Chloroformed    in    55     days. 

'        I 

General  tuberculosis. 

The  outcome  of  this  experiment  was  quite  different  from  that  of 
the  preceding.  Only  the  animals  which  received  the  milk  suspension 
heated  30  minutes  may  be  said  to  have  received  no  living  virulent 
bacilli.  Those  receiving  milk  heated  15  and  45  minutes  from  both 
cultures  were  distinctlv  tuberculous. 


Experiment  III.     This  may  be  disposed  of  briefly  as  it  adds  nothing 
new  to  the  information  gained  bv  the  other  tests.     It  is,  however,  of 
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some  general  interest.  July  1,  1897.  The  udder  of  a  cow  of  which 
one-quarter  was  enormously  enlarged  by  tuberculosis  and  the  others 
atrophied  and  giving  but  little  milk  was  the  starting  point.  The  tuber- 
culous tissue  was  largely  broken  down  into  a  caseous,  diffluent  mass. 
From  one  atrophied  quarter  a  little  milk  was  obtained  with  the  hope 
that  the  thermal  deathpoint  of  tubercle  bacilli  naturally  suspended  in 
that  fluid  might  be  obtained  as  a  check  upon  the  artificial  suspensions. 
Though  tubercle  bacilli  were  not  found  in  it  with  the  microscope  still 
the  inoculations  were  made;  2  cc.  of  milk  heated  0,  20,  35,  50  and  65 
minutes'  were  injected,  each  lot  into  2  guinea-pigs.  Killed  from  6  to  9 
weeks  after  inoculation,  they  were  found  free  from  disease.  The  milk 
was  probably  free  from  tubercle  l^acilli  and  the  disease  strictly  limited 
to  one-quarter. 

Ea^ljeriment  lY.  This  test  with  bovine  caseous  material  suspended 
in  ordinary  j)eptone  bouillon  w^as  made  mainly  to  determine  whether 
the  tubercle  bacillus  might  exist  in  some  more  heat-resisting  stage 
in  caseous  masses  in  which  multiplication  seems  to  be  at  a  standstill. 


TABLE  III  (EXP. 

IV).- 

Bouillon  Suspensions  of  Caseous  Matter  (Cattle). 

Time  of 
exposure 

Quantity 

Injected 

in  cc. 

Weight  of  guinea- 
pigs  in  grammes. 

Result. 

+ 

Remarks. 

to  60°  C. 

Initial. 

Final. 

0  minntes. 

0.6 

342 

404 

Chloroformed  in  42  days. 

General  tuber- 

culosis. 

0 

2. 

482 

484 

+ 

Chloroformed  in  27  days, 
culosis. 

General  tuber- 

0 

2. 

657 

640 

-1- 

Chloroformed  in  39  days, 
culosis. 

General  tuber- 

20 

" 

646 

693 

— 

Chloroformed  iu  31  days, 
omeutum. 

One  nodule  on 

(1                u 

u 

383 

505* 

— 

Chloroformed  iu  55  days. 

No  lesions. 

35 

u 

445 

622 

— 

Chloroformed  in  54  days. 

No  lesions. 

11          i<. 

11 

612 

701 

— 

Chloroformed  in  31  days. 

No  lesions. 

50 

u 

485 

593t 

— 

Chloroformed  in  106  days. 

No  lesions. 

"          " 

" 

339 

445 

— 

Chloroformed  in  31  days, 
omentum. 

One  nodule  on 

65 

" 

567 

592t 

— 

Chloroformed  in  129  days, 
omentum. 

One  nodule  on 

It          11 

" 

329 

418 

— 

Chloroformed  in  IS  days. 

No  lesions. 

*  Pregnant  when  chloroformed. 

+  Had  given  birth  to  a  litter  of  healthy  young  4-6  weeks  before  it  was  chloroformed. 

Nov.  26,  1897.     Completely  caseous  matter  from  the  lungs  of  a  cow 
was  scraped  into  a  small  dish  and  kept  on  ice  until  next  day.     It  was 
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ground  in  a  sterile  mortar  with  bouillon  and  tiie  turbid  lluid  passed 
through  several  thicknesses  of  linen.  In  the  densely  turbid,  pale  yellow- 
ish fluid,  consisting  microscopically  of  fatty  debris  chiefly,  tubercle  ba- 
cilli were  not  found.  7  ce.  were  carefully  transferred  with  a  pipette  to  a 
number  of  test-tubes  with  ground  glass  cap.  These  were  immersed  in 
the  60°  bath  so  that  the  surface  of  the  fluid  was  5  cm.  l)elow  the  level  of 
the  bath.  A  tube  was  removed  at  the  end  of  20,  35,  50  and  65  minutes. 
Table  III  (p.  222)  shows  that  even  20  minutes  was  sufficient  to  destroy 
the  bacilli,  and  that  in  caseous  tissue  tubercle  bacilli  do  not  possess  any 
greater  power  of  resistance  to  heat  than  in  cultures  on  serum. 


TABLE 

IV  (EXP.   Y).- 

—A.  Suspension  of  Bovine  B.\cilli  in  Bouillon. 

Time  of 
exposure 
to  60°  C. 

Quantity 

Iniected 

incc. 

Weight  c 
pigs  in  $ 



Initial. 

f  guinea- 
'rammes. 

Final. 

Kesult. 

Kemarks. 

0  minutes. 
20 

0.5 
1.5 

581 
544 

468 

582 

-1- 

Dies  in  17  days.     Acute  tuberculosis. 
Chloroformed  in  52  davs ;  a  dozen  nodules 

(Bacillifrom  nodules 
of  preceding  case.) 

340 

405 

— 

on  omentum. 
Chloroformed  in  37  dajs  ;  no  lesions. 

35  minutes. 

1.5 

554 

638 

— 

Chloroformed  in  43  days ;   a  dozen  nodules 

50 

u 

528 

607 

- 

on     omentum,     slight     hyperplasia     of 
lymph  glands. 
Chloroformed  in  49  days ;    six  nodules  on 
omentum. 

€5 

349 

498 

Chloroformed    in    58    days;    nodules    on 
omentum,  one  in  ovarian  ligament. 

B.  Suspensions  in  Milk. 


(Milk  not 
infected.) 

3.5 

421 

- 

(Milk  not 

u 

401 

_ 

infected.) 

0  minutes. 

1.5 

591 

430 

+ 

20 

" 

401 

478 

+ 

35 

(1 

510 

671 

+ 

50 

^^ 

401 

514 

+ 

65         '< 

<< 

369 

510 

+ 

Dies  in  7  days  of  streptococcus  infection  ; 

abscesses  in  omentum  and  between  spleen 

and  liver. 
Dies  in  7  days  of  streptococcus  infection. 

Dies  in  15  days;  acute  tuberculosis. 

Chloroformed  in  52  days.  General  tuber- 
culosis. 

Chloroformed  in  43  days.  Tuberculosis  of 
lymph  glands ;  slight  infection  of  liver 
and  spleen. 

Chloroformed  in  49  days.  General  tuber- 
culosis. 

Chloroformed  in  58  dajs.  General  tuber- 
culosis. 


Experiment  V.     The  preceding  tests  taken  together  suggested  that 
tubercle  bacilli  may  be  much  more  resistant  to  heat  in  milk  than  in 
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bouillon.     This  suggestion  was  tested  in  the  following  manner  with 
bovine  culture  III : 

A.  Bouillon  series,  Feb.  15,  1898.  The  culture,  17  days  old,  was  sus- 
pended in  bouillon  having  a  reaction  equivalent  to  1.45  per  cent,  of  a 
normal  acid  solution  (phenolphtalein).  Ordinary,  cotton-plugged  thin- 
walled  test-tubes  were  used,  15  to  18  mm.  in  diameter  and  15  cm.  long. 
Each  tube  received  2  cc.  of  the  suspension  and  was  immersed  to  a  depth 
of  10  cm.  in  the  bath.  One  was  removed  at  the  end  of  20,  35,  50  and 
65  minutes. 

B.  Milk  series.  The  tubes  were  prepared  in  the  same  way.  The 
milk  was  about  6  hours  old,  kept  in  the  refrigerator.  Acidity  1.9  per 
cent. 

The  result  of  the  inoculations  given  in  Table  IV  (p.  323)  shows  that 
the  bacilli  in  the  bouillon  suspensions  had  been  killed,  while  some  of 
those  in  the  various  milk  tubes  had  survived. 


TABLE  V  (EXP.  VI).— A.  Suspension  of  Bovine  Bacilli  in  Water. 


Time  of 
exposure 
at  60°  C. 

Quantity 

injected 

incc. 

Weight  0 
pigs  in  g 

Initial. 

I'guinea- 
raninies. 

Final. 

Result. 

Remarks. 

15  minutes. 
25 

1.5 

11 

304 
358 

548 
416 

- 

Killed  in  64  days.  Some  nodules  on  omen- 
tum. 

Killed  in  35  days.  Some  nodules  on  omen- 
turn. 

B.  Suspension  in  Milk. 


(Milk  not 
infected.) 

(Milk  not 
infected.) 

(Milk  not 
infected.) 

0  minutes. 


20 
35 
50 
65 

80 


3.5 

732 

" 

379 

350 

- 

u 

444 

591 

- 

1. 

342 

+ 

1.4 

317 

360 

- 

2. 

409 

411 

+ 

1.5 

363 

453 

- 

2 

370 

508 

+ 

2 

420 

.595 

- 

Dies  in  6  days.     Abscesses    in    abdominal 

cavity.     Streptococcus  infection. 
Chloroformed  in  31  days.     Large  abscess  in 

abdominal  cavity  due  to  minute  bacilli. 
Chloroformed    in    59    days.      No    lesions. 

Milk  from  same  dairy  but  from  a  lot  11 

days  later  than  preceding. 
Dies   in  9  days.     Acute   tuberculosis    and 

streptococcus  infection. 
Killed   in    61    days.     Several    nodules    on 

omentum. 
Killed  in  29  days.     Tuberculosis  of  omen- 
tum, peritoneum  and  lymph  glands. 
Killed    in    64    days.     Several    nodules    on 

omentum. 
Killed  in  64  days.     Slight  tuberculosis  of 

lymph    glands    of    abdomen,     liver    and 

spleen. 
Killed    in    64    days.     A    few  nodules    on 

omentum,  2  minute  ones  on  testicles. 
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Experiment  17.  April  38,  1898.  'I'his  is  an  exact  counterpart  of 
Experiment  \'  with  certain  minor  iiioililicatious.  The  culture  is  a 
young  (seven-day)  culture  of  bovine  ])acillu.s  IV.  The  suspensions  were 
made,  as  before,  in  milk,  and  in  distilled  water.  They  were  exposed  in 
cotton-jdugged  test-tubes.  The  ready  destruction  of  the  bacilli  in  water, 
their  irregularly  persistent  vitality  in  the  milk  is  again  demonstrated  in 
Table  Y  (p.  22-i).  Cultures  from  the  water  suspensions  conhrmed  the 
inoculation  results.  The  control  unheated  suspension  gave  rise  to  a 
vigorous  culture  on  dog's  serum,  the  cultures  from  the  heated  suspen- 
sions remained  sterile.* 

TABLE  VI  (EXP.  VII). — A.  Suspension  of  Bovine  Bacilli  in  Water. 


Time  of 
exposure 

Quantity 

injected 

in  cc. 

Weight  of  guinea- 
pigs  In  grammeii. 

Kesult. 

to60°C. 

Initial. 

Final. 

0  minutes. 

+ 

12 

1.5 

406 

474 

22         " 

1.5 

366 

490 

- 

Culture  positive. 

Culture  negative.  Animal  killed  in  75 
days.  Slight  hyperplasia  of  mesenteric 
and  sternal  glands.  Several  nodules  on 
omentum  and  one  on  abdominal  wall. 

Culture  negative.  Animal  killed  in  56 
davs.     Some  nodules  on  omentum. 


B.  Suspension  in  Milk. 


(Milk  not 

2.0 

384 

664 

_ 

infected.) 

0  minutes. 

0.5 

375 

270 

+ 

17 

1.5 

367 

448 

- 

32 

u 

353 

443 

- 

47 

" 

403 

451 

- 

62         "    , 

" 

385 

508 

- 

77 

u 

395 

498 

- 

Chloroformed  in  75  days.     No  lesions. 

Dies  in  82  days.  General  tuberculosis. 
Abscess  in  omentum  containing  cocci. 

Killed  in  56  days.  Some  nodules  on  omen- 
tum. 

Killed  in  56  days.  Some  nodules  on  omen- 
tum. 

Killed  in  56  days.  Some  nodules  on  omen- 
tum. 

Killed  in  .56  days.  Some  nodules  on  omen- 
tum, and  cheesy  focus  in  subcutis  at 
point  of  injection. 

Killed  in  56  days.  Some  nodules  on  omen- 
tum. 


Experiment  VII.  ]\Iay  18,  1898.  The  procedure  differed  from 
that  of  former  tests  in  that  the  suspensions  were  exposed  in  com- 

*  Cultures  from  milk  suspensions  were  not  attempted  because  of  the  an- 
ticipated presence  of  contaminating  bacteria.  To  sterilize  the  milk  before 
use  bj'  discontinuous  boiling  would  obviouslj*  fail  to  imitate  natural  con- 
ditions. 
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pletely  submerged,  sealed  glass  tubes.     Au  old  culture  was  used  to 
determine  if  more  resistant  bacilli  appear  after  a  time. 

Boviue  IV,  grown  for  30  days  on  the  same  lot  of  dog's  serum  on 
which  the  young  culture  of  the  preceding  experiment  had  grown  was 
used.  The  milk  had  an  acidity  of  1.7  per  cent.  Parallel  exposures  in 
distilled  water  were  also  made.  The  tubes  were  made  of  ordinary  glass 
tubing  having  an  internal  diameter  of  6  mm.  Both  ends  were  drawn 
out  in  the  flame.  One  end  was  sealed  at  once.  About  2  cc.  of  the  sus- 
pension was  inserted  through  the  other  opening  with  a  delicate  pipette 
and  the  latter  then  sealed  in  the  flame.  This  proved  a  better  method 
than  drawing  the  suspension  up  first  and  then  sealing  as  it  prevented 
the  usual  sputtering  when  the  sealing  is  attempted  and  the  indiscrim- 
inate distribution  of  tubercle  bacilli.  Each  sealed  tube  contained  one- 
half  to  one-third  its  volume  of  air.  They  were  laid  horizontally  on  a 
rack  about  7  em.  below  the  surface  of  the  bath  close  to  the  thermometer 
bulb.     The  results  of  the  inoculation  are  given  in  Table  VI  (p.  225). 

The  outcome  of  this  test  was  a  surprise,  for  not  one  of  the  guinea- 
pigs  inociTlated  with  heated  suspensions  became  tuberculous.  For 
the  water  suspensions  the  culture  test  agi'eed  with  the  animal  test.  A 
vigorous  culture  was  obtained  from  the  unheated  suspension  in  two 
weeks.  The  other  tubes  were  sterile  after  4  weeks.  It  will  be  at 
once  thought  that  the  use  of  the  sealed  tubes  accounts  for  this,  but 
why  should  the  suspensions  in  fluids  other  than  milk  give  unifonn 
results  in  test-tubes?  The  remaining  two  experiments,  I  think,  give 
a  satisfactory  answer  to  this  query. 

Experiment  Till.  August  13,  1898.  In  this  test  bovine  culture  VI 
Avas  used.  The  bacilli  were  exposed  in  sealed  tubes.  The  milk,  kept 
over  night  in  the  refrigerator,  had  a  heavy  layer  of  cream  on  it  next 
morning.  It  was  thoroughly  mixed  before  use.  Acidity  1.5  per  cent. 
Suspensions  in  normal  salt  solution  were  also  made.  The  result  of  the 
test  given  below  in  Table  VII  did  not  differ  materially  from  that  of 
the  preceding  test.  In  the  12-minute  tube  the  bacilli  suspended  in  salt 
solution  were  not  all  destroyed.  The  guinea-pig  inoculated  with  the  milk 
suspension  exposed  for  17  minutes  had  a  suspicious  subcutaneous  lymph 
gland  with  which  unfortunately  fresh  inoculations  were  not  made,  so 
that  this  case  remains  in  doubt.  However,  the  lesion  was  so  slight, 
if  due  to  living  bacilli,  that  one  bacillus  may  have  caused  it. 
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TAHLE   VII   (EXP.  VIII). 
A.  Suspension  of  Bovine  Bacilli  in  Normal  Salt  Solution. 


Time  of 
exposure 

Quantity 

ln]ectea 

incc. 

Weight  of  guinea- 
pigs  in  grammes. 

Result. 

+ 

to  60°  C. 

Initial. 
388 

370 

Final. 

12  minutes. 

1.5 

464 

50S 

Chloroformed  in  106  days.  Tuberculosis 
of  both  testicles,  of  left  popliteal,  and 
of  lumbar  eland.  All  foci  softened. 
Bronchial  ulands  tuberculous;  still  firm. 

Chloroformed  in  106  days.  Two  small, 
softened  nodules  on  omentum ;  one  on 
testicle. 

B.  Suspension  in  Milk. 


(Milk  not 
infected.) 
0  minutes. 
17 

32 

47 


77 


3.5 

251 

640 

- 

0.5 

373 

+ 

1.5 

388 

494 

+ 

" 

398 

532 

- 

.1 

366 

.545 



" 

298 

423 

— 

(( 

267 

479 

- 

After    105  days  weighs    G40.     Alive    after 

5}-^  months. 
Dies  in  9  days  of  acute  tuberculosis. 
Killed  in  57  days.     Slightly  enlarged  and 

partly  necrotic  popliteal  gland. 
Killed  in  57  days.  Several  2-3  mm.  nodules 

on  omentum. 
Killed  in  63  days.     No  lesions. 
Killed   in    63    days.     Several    nodules    on 

omentum. 
Killed  in  63    days.     Slightly   conspicuous 

retrogastric  and  thoracic  lymph  glands. 


Experiment  IX.  Xov.  IT,  1898.  In  this  test  bovine  culture  III, 
used  in  Experiment  V,  was  again  employed.  The  suspensions  were  pre- 
pared from  a  vigorous  c-ulture  13  days  old.  Its  vitality  was  demon- 
strated by  the  rapid,  rich  growth  of  a  subculture  made  at  the  same  time 
with  the  suspensions.  The  bacilli  suspended  in  distilled  water  were 
exposed  in  the  test-tubes  with  groimd  glass  cap,  each  tube  receiving 
2  cc.  The  milk  suspensions  were  exposed  both  in  these  tubes  (4  cc.) 
and  in' sealed  tubes.  The  outcome  of  the  tests  made  thus  far  had  susf- 
gested  the  theory  that  the  occasional  survival  of  bacilli  leading  to  the 
irregular  results  tabulated  might  be  due  to  the  formation  of  the  surface 
pellicle  into  which  the  bacilli  are  carried  by  particles  of  fat.  Here  their 
thermal  deathpoint  might  be  higher  than  when  submerged  in  a  watery 
fluid.  Hence  the  pellicle  which  had  formed  during  the  exposure  in  the 
test-tubes  was  in  part,  removed  with  a  platinum  loop  and  stiiTed  in  with 
the  rest  of  the  milk  to  be  injected.  The  milk  used  had  a  layer  of  cream 
(formed  over  night)  equivalent  to  14  per  cent,  of  the  whole  column. 
Acidity  1.67  per  cent.  The  bore  of  the  sealed  tubes  was  4  mm.  They 
contained  about  1.5  cc.  milk  and  some  air.     Coverslip  preparations  dem- 
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oustrated  the  presence  of  large  numbers  of  bacilli  chiefly  in  clumps. 
The  results  are  summarized  in  Table  VIII. 

TABLE  VIII  (EXP.  IX). — A.  Suspension  of  Bovine  Bacilli  in  Distilled 
Water  Exposed  in  Culture  Tubes  with  Glass  Cap. 


Time  of 
exposure 
to  60°  C. 


0  minutes. 

10 

15  " 

20 


Quantity 
injected 
in  cc. 

Weight  0 
pigs  in  g 

Initial. 

fguinea- 
rarames. 

Final. 

Result. 

0.5 

384 

+ 

1.5 

332 

418 

+ 

1.5 

372 

438 

+ 

1.5 

302 

331 

+ 

Dies  in  25  days  of  tuberculosis.  Suspen- 
sion made  from  the  same  culture  12  days 
after  the  general  experiment  to  replace 
milk  controls  (see  below). 

Killed  in  62  days.  Tuberculosis  of  lymph 
nodes,  liver,  spleen,  peritoneum. 

Killed  in  61  days.  Tuberculosis  of  lymph 
nodes  chieflj\ 

Killed  in  61  days.  Generalized  tuberculo- 
sis. 


B.  Suspensions  in  Milk  in  Sealed  Pipettes. 


(Milk  not 
infected.) 

0  minutes 
(control). 

7  minutes. 

4.0 

0.5 
1.5 

524 
537 

450 

500 

+ 
+ 

12 

1.5 

441 

503 

+ 

17 

0.5 

491 

605 

- 

32 

1.5 

354 

- 

47         " 

1.5 

368 

492 

- 

62 

1.5 

303 

330 

— 

Dies  in  48  hours  of  streptococcus  peritoni- 
tis and  septicaemia. 

Dies  in  6  days  of  streptococcus  infection 
and  tuberculosis  (?). 

Killed  in  62  days.  Tuberculosis  of  lymph 
nodes.  Slight  infection  of  liver  and 
spleen. 

Killed  in  62  days.  Slight  disease  of  lymph 
nodes.     Tuberculosis  of  left  scrotal  sac. 

Killed  in  62  days.  Slight  localized  thick- 
ening of  omentum. 

Dies  in  15  days.*  Six  or  seven  small  no- 
dules on  omentum ;  2  on  mesocolon. 

Killed  in  62  days.  Several  softened  nodules 
on  omentum. 

Killed  in  62  days.  Some  local  thickenings 
of  omentum. 


C.  Suspensions  in  Milk  in  Culture  Tubes  as  in  A. 


20  minutes. 

1.5 

378 

275 

+ 

35 

1.5 

272 

291t 

+ 

Dies  in  38  days. 
Dies  in  52  days. 


General  tuberculosis. 
General  tuberculosis. 


*  Diphtheritic  paralysis.     Had  been  used  for  antitoxin   test  24  days  before  inocu- 
lation.    Only  a  slight  transient  swelling  followed, 
t  Weight  10  days  before  death. 


This  test  strengthens  the  supposition  that  the  pellicle  which  forms 
on  milk  in  test-tubes  during  heating  is  responsible  for  the  increased 
resistance  of  milk  suspensions  of  tubercle  bacilli  and  the  iri'egular 
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results  hitherto  ohtainod."-  The  two  guinea-pigs  inoculated  with 
milk  exposed  15f  and  80+  minutes  together  with  some  of  the  pellicle 
died  of  tuberculosis  in  ;5S  and  52  days  respectively,  while  two  other 
guinea-pigs  inoculated  with  suspensions  in  milk  and  water  exposed 
only  5f  minutes  were  found  with  but  slight  lesions  after  60  days. 

A  summary  of  all  the  tests  made  is  given  in  Table  IX  (p.  230), 
together  with  some  additional  data  concerning  the  cultures  used. 
The  figures  in  parentheses  following  the  figures  giving  the  total  ex- 
posure at  60°  C.  are  an  approximate  correction  representing  the  actual 
time  of  exposure  at  that  temperature. 

A  brief  explanation  of  the  tabulated  autopsy  notes  of  the  guinea- 
pigs  seems  necessary  in  view  of  the  fact  that  the  conclusions  to  be 
drawn  rest  chiefly  on  them.  It  will  be  observed  from  the  tables  that 
in  many  cases  small  nodules  were  found  on  the  omentum  without  any 
traces  of  tuberculosis  in  other  organs,  even  the  nearest  lymph  nodes. 
These  nodules  were  studied  histologically  at  different  stages,  although 
it  was  manifest  from  the  purely  local  character  of  the  lesions  and 
the  knowledge  already  gained  from  the  researches  of  Prudden  and 
Hodenpyl  and  of  Straus  concerning  the  action  of  dead  tubercle  bacilli 
that  these  nodules  were  the  product  of  dead  bacilli  swept  together  into 
a  mass  in  some  way  on  different  places  on  the  omentum.  It  would 
be  beyond  the  scope  of  this  article  to  go  into  minute  details  concerning 
the  structure  of  these  nodules.  Suffice  it  to  say  that  within  two  to 
four  weeks  after  the  intra-peritoneal  injection  they  are  one  to  three 
mm.  in  diameter  and  translucent  in  appearance.  They  consist,  then, 
of  epithelioid  and  lymphoid  cells,  among  which  are  many  nuclear 
figures.  In  this  stage  the  mass  may  contain  roundish  cell  groups 
closely  resembling  the  "  germinative  centres  "  of  follicles  in!  lymph . 
nodes.  In  later  stages  the  larger  nodules  undergo  softening  cen- 
trally,  and  the    creamy-white   mass   there   formed   contains   readily 

*  This  pellicle,  Avhich  is  familiar  to  all  who  have  scalded  milk,  is  a 
feebly  cohesive  mass  easily  washed  out  in  patches  for  microscopic  exam- 
ination by  diluting  the  heated  milk  in  water.  The  patches  consist  of  fat 
globules  and  an  amorphous,  cohesive  substance  of  slight  refrangibility,  by 
which  they  are  evident!}'  held  together. 

t  These  figures  are  corrected  by  subtracting  the  time  required  to   bring 
the  fluid  to  59.5°  C. 
16 
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demonstrable  tubercle  bacilli.  The  softening  is  essentially  a  process 
i)f  caseation,  never  of  suppuration.  The  necrosis  is  sharply  demar- 
cated from  the  enveloping  dense  outer  layer  of  the  nodule  and  thereby 
differs  clearly  from  the  progressive  peripheral  invasion  of  living 
bacilli.  It  is  not  possible,  however,  to  make  trenchant  distinctions 
between  early  lesions  due  to  living  and  to  dead  bacilli,  and  so  far 
the  progressive  metastatic  nature  of  the  disease  as  recognized  with 
the  unaided  eye  seems  to  me  the  most  satisfactory  guide,  provided  a 
sufficient  period  of  time  (at  least  50  days)  be  allowed  to  elapse  between 
the  inoculation  and  the  examination  of  the  animal.  In  but  one 
instance  (Experiment  Y)  the  bacilli  from  a  softened  focus  due  to 
dead  bacilli  were  injected  into  a  guinea-pig.  The  result  was  negative. 
There  is  nothing  of  importance  to  be  recorded  concerning  the 
macroscopic  characters  of  the  inoculation  disease  in  guinea-pigs.  Its 
protean  character,  as  exemplified  by  the  diverse  localizations,  makes 
a  very  thorough  examination  of  eYerj  animal  essential.  In  general, 
the  retarded  disease  has  its  chief  seat  in  the  lymph  nodes,  which  may 
attain  a  large  size.  This  is  particularly  true  of  the  retrogastric  and 
lumbar,  and  of  the  bronchial  and  neighboring  sternal  nodes,  whose 
large  dimensions  with  visibly  intact  lungs  suggest  the  bovine  type  of 
disease.  In  several  cases  the  testicles  and  surrounding  scrotal  tissue 
were  involved  precisely  as  in  glanders  (following  either  subcutaneous 
or  intro-abdominal  inoculation).  It  is  probable  that  in  these  experi- 
ments male  guinea-pigs  would  be  preferable,  since  the  disease  may  be 
recognizable  during  life.  In  no  case  was  there  any  evidence  of  air 
infection.  In  fact,  I  have  not  encountered  it  at  any  time  among  the 
animals  kept  for  several  years  in  the  room  used  for  these  experimental 
animals.  It  is  again  evident  from  these  tables  that  the  weight  of  the 
guinea-pig  is  no  guide  in  determining  the  presence  or  absence  of  tu- 
bercular foci. 

The  foregoing  experiments  demonstrate  that  tubercle  bacilli  are 
no  more  resistant  to  heat  than  many  other  bacilli  not  producing 
spores,  and  that  at  60°  C.  destruction  is  complete  in  15  to  20  minutes. 
Even  after  exposures  lasting  10  minutes  the  bacilli  were  dead  in  most 
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instances.  After  5-niinute  exposures  the  inoculation  disease  pro- 
duced in  guinea-pigs  was  greatly  retarded,  even  though  three  times 
the  control  dose  was  injected.*  When,  however,  milk  is  used  as  the 
suspending  fluid,  the  formation  of  a  surface  pellicle  into  which 
bacilli  are  carried  by  fat  globules  shields  them  from  the  effect  of  the 
heat  so  that  they  may  sur\dve  an  exposure  of  65  minutes.  The 
peculiarly  irregular  results  obtained  by  the  Royal  Commissionf  are 
probably  to  be  explained  in  the  same  way.  The  importance  of  a 
clear  understanding  of  this  phenomenon  in  the  pasteurization  of  milk 
is  obvious,  and  it  remains  to  be  seen  how  far  bottled  milk  may 
be  freed  from  tubercle  bacilli  without  resorting  to  the  higher  tem- 
perature of  68°  C.  now  generally  employed.  Probably  a  complete 
immersion,  or  else  a  complete  filling  of  the  receptacle,  may  furnish 
the  conditions  desired. 

These  conclusions  may  be  objected  to  on  the  ground  that  the 
tubercle  bacilli  may  have  suffered  in  power  of  resistance  during  cul- 
tivation, but  the  experiment  with  caseous  material  from  cattle  (IV) 
wiU.,  I  think,  silence  this  objection.  The  different  results  obtained 
by  de  Man,  already  quoted  and  now  generally  accepted,  are  prob- 
ably due  to  the  fact  that  he  used  caseous  material  or  else  tuberculous 
tissue,  which  he  ground  up  in  a  mortar  and  only  diluted  with  salt 
solution  ''  when  necessary."  Such  dense  suspensions  cannot  be  used 
to  determine  the  thermal  deathpoint  to  be  compared  with  those  of 
other  bacilli,  nor  can  they  be  regarded  as  imitating  the  conditions 
under  which  tubercle  bacilli  appear  in  milk. 

The  method  of  using  narrow  sealed  tubes  has  shown  itself  superior 
to  that  which  employs  ordinary  test-tubes  so  far  as  milk  suspensions 
are  concerned.  When  other  fluids  were  used  the  results  were  im- 
equivocal  and  in  harmony  with  the  other  method,  excepting,  per- 

*  It  should  be  borne  in  mind  that  the  suspensions  used  were  quite  dense. 
In  a  small  drop  spread  out  on  cover  glasses,  dried  and  stained,  large  num- 
bers of  bacilli  singlj^  and  in  clumps  were  seen  in  every  field  of  a  jV 
objective. 

t  Woodhead,  loc.  cit. 
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haps,  in  the  hast  cxpcriiiunt,  in  which  an  increased  resistance  of  the 
tubercle  bacilli  in  water  is  manifest.* 

It  simply  remains  to  point  out  the  possibility  that  the  resistance  of 
other  pathogenic  bacteria  to  heat  may  be  increased  in  milk.  Hitherto 
all  practical  details  in  sterilization  have  been  based  on  the  thermal 
deathpoint  of  bacteria  in  bouillon  and  other  fluids. 

Conclusions. 

1.  Tubercle  bacilli  when  suspended  in  distilled  water,  normal  salt 
solution,  bouillon  and  milk,  are  destroyed  at  60*^  C.  in  15  to  20 
minutes.     The  larger  number  are  destroyed  in  5  to  10  minutes. 

2.  "When  tubercle  bacilli  are  suspended  in  milk,  the  pellicle  which 
forms  during  the  exposure  at  60°  C.  may  contain  living  bacilli  after 
60  minutes. 

*  This  test  was  repeated,  after  the  completion  of  this  article,  for  another 
purpose  with  the  same  culture  and  under  the  same  conditions,  and  the  same 
resistance  to  a  net  exposure  of  15  minutes  was  noted.  In  the  suspensions  in 
water  delicate  tioatiug-  fragments  of  a  pellicle  of  bacilli  were  noticed  which 
could  not  be  submerged  by  vigorous  shaking.  Pellicles  behaving  similarly 
are  frequently  seen  on  bouillon  cultures  of  colon  and  typhoid  bacilli.  That 
this  phenomenon  was  related  to  the  slightly  increased  resistance  of  the 
culture  seems  probable  in  view  of  the  results  obtained  with  milk  suspen- 
sions in  sealed  pipettes.  In  any  case  those  who  are  inclined  to  repeat 
these  tests  would  do  well  to  immerse  completely  all  suspensions  whether 
in  milk  or  water  so  as  to  expose  such  floating  bacilli  to  the  same  condi- 
tions of  heat  and  moisture  under  which  the  suspended  bacilli  are. 


THE  CHANGES  PRODUCED  BY  THE  GROWTH  OF  BAC- 
TERIA IX  THE  MOLECULAR  COXCEXTRATIOX  AND 
ELECTRICAL  CONDUCTIVITY  OF  CULTURE 
MEDIA.* 

By  G.  N.  STEWAKT,  Cleveland. 
Plates  V-VIII. 

By  determining  from  time  to  time  the  freezing  point  of  a  liquid 
in  which  bacteria  are  growing  it  is  possible  to  estimate  the  changes 
that  take  place  in  the  molecular  concentration. f 

By  determining  the  electrical  conductivity  a  measure  of  the  num- 
ber of  dissociated  ions  in  unit  volume  of  the  solution  may  be  obtained. 
The  amount  by  which  the  freezing  point  is  depressed  below  the, 
freezing  point  of  distilled  water  is  directly  proportional  to  the  molec- 
ular concentration  when  the  dissolved  substances  are  incapable  of 
hydrolytic  dissociation,  like  cane  sugar  or  proteids  for  instance.  In 
the  case  of  dissociable  substances,  like  sodium  chloride,  the  same  is 
true  when  we  reckon  each  ion  as  a  molecule.  The  relation  between 
the  electrical  conductivity  and  the  concentration  of  the  electrolytes 
is  not  so  simple,  since  the  specific  conductivity  of  a  solution  depends 
not  only  on  the  number  of  dissociated  molecules  in  a  given  volume, 
but  also  on  the  velocities  of  the  ions.  But  there  is  always  a  relation, 
and  when  this  can  be  estabhshed  for  a  particular  case,  it  can  be  used 
to  calculate  the  concentration.  For  example,  when  only  one  elec- 
trolyte is  present,  the  concentration  can  be  at  once  determined  from 
the  electrical  conductivity  by  interpolating  values  in  a  table  showing 
the  relation  between  the  conductivity  of  the  substance  and  the 
amount  of  it  in  solution.  If  more  than  one  electrolyte  be  present, 
the  electrolytes  may  be  such  as  have  approximately  equal  ionic  veloc- 

*  This  paper  was  read  before  the  British  Medical  Association  (Section  of 
Physiology)  at  Edinburgh,  July,  1898. 

t  The  molecular  concentration  may  be  defined  as  the  number  of  grarame- 
TQolecules  of  the  dissolved  substance  in  a  litre  of  the  solution. 
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ities.  In  this  case  the  electrical  conductivity  can  be  taken  as  directly 
proportional  to  the  total  concentration  of  the  electrolytes.  If  more 
than  one  electrolyte  is  present  and  the  ionic  velocities  are  widely 
different,  then  a  quantitative  determination  of  one  or  more  of  the 
electrolytes  may  be  made  by  chemical  methods,  and  the  concentration 
of  those  that  remain  be  deduced  from  the  electrical  conductivity. 
And  even  in  complex  solutions,  when  without  actually  knowing  the 
ionic  velocities  we  know  the  limits  between  which  they  must  lie,  we 
can  often  determine  from  the  electrical  conductivity  whether  the 
number  of  dissociated  molecules  in  a  given  volume  is  increasing  or 
diminishing,  and,  within  certain  limits  of  accuracy,  by  how  much  it  is 
increasing  or  diminishing.  This  calculation  can  be  controlled  and 
the  limits  of  error  narrowed  by  taking  account  of  the  total  molecular 
concentration  (including  that  of  the  dissociated  ions)  deduced  from 
observations  on  the  freezing  point.  For  instance,  if  we  found  that 
certain  bacteria  growing  in  solution  of  albumin  caused  a  diminution 
in  the  freezing  point  without  any  change  in  the  electrical  conduc- 
tivity, this  would  indicate  that  the  large  albumin  molecules  were 
being  broken  down  into  smaller,  but  as  yet  non-dissociable,  molecules, 
possibly  into  peptones.  If,  later  on,  we  found  that  whila  the  molec- 
ular concentration,  as  indicated  by  the  lowering  of  the  freezing  point, 
was  still  increasing,  the  electrical  conductivity  also  began  to  increase, 
we  should  have  to  conclude  that  in  the  coiirse  of  the  decomposition 
the  point  had  now  been  reached  where  some  of  the  comparatively  small 
molecules  were  at  length  dissociable.  If  the  molecular  concentration 
and  the  electrical  conductivity  were  found  both  to  increase  from  the 
beginning  of  the  bacterial  gTOwth,  it  would  be  proved  that  the  decom- 
position even  at  the  beginning  went  as  far  as  the  production  of  the 
dissociable  electrolytic  molecules. 

With  the  view  of  obtaining  some  preliminary  notion  of  the  magni- 
tude of  the  changes  which  were  to  be  expected,  I  made  a  series  of 
experiments  on  the  growth  of  ordinary  putrefactive  bacteria  in  blood 
and  serum,  and  of  pure  cultures  of  certain  bacteria  in  solutions  of 
Witte's  "  peptone."  The  freezing-point  determinations  were  made 
by  means  of  a  modification  of  Beckmann's  apparatus,  and  the  electrical 
resistance  was  measured  by  the  telephone  method  of  Kohlrausch.     It 


G.  N.  Stewart  237 

will  be  seen  from  the  subjoined  specimens  of  the  results  that  very 
striking  changes  are  observed  both  in  the  total  molecular  concentration 
and  in  the  electrical  conductivity,  which,  upon  the  whole,  run  a  par- 
allel course.  Thus,  in  Experiment  I,  dog's  defibrinated  blood  and 
senmi  were  allow'ed  to  putrefy  for  6  weeks  in  a  batli  at  a  temperature 
of  37°  to  39°  C.  The  electrical  conductivity  of  the  blood  in  that 
time  was  increased  more  than  eleven-fold,  and  the  freezing  point  was 
depressed  in  proportion.  There  was  a  similar  change  in  the  serum, 
although  the  maximum  was  much  less.  Cun-es  plotted  from  the 
results  of  this  experiment  are  shown  in  Plate  V. 

In  Experiment  II,  three  specimens  of  blood  taken  at  the  same  time 
from  the  carotid  artery  of  a  dog  were  allowed  to  putrefy  first  at  the 
air  temperature,  then  at  35°  C,  and  then  at  40°  to  43°  C.  Of  course 
in  aU  the  experiments  evaporation  was  prevented.  The  course  of  the 
decomposition  is  shown  in  the  curves  of  Plate  YI,  which  represent  the 
electrical  conductivity.  It  is  abruptly  hastened  by  raising  the  tem- 
perature to  35°  C.  Ultimately  the  conductivity  reaches  a  maximum 
and  then  remains  practically  constant  for  an  indefinite  period.  At 
the  time  w-hen  the  maximum  was  reached  the  blood  was  seen  to  be 
crowded  with  bacteria  which  had  formed  spores.  It  is  to  be  pre- 
sumed that  at  this  point  the  conditions  had  become  unfavorable  for 
the  growth  of  the  bacteria,  owing  to  the  increase  of  osmotic  pressure 
due  to  the  accumulation  of  the  products  of  their  activity  or  to  some 
specific  toxic  action  of  these  products  and  the  using  up  of  the  nutritive 
material.  A  specimen  of  the  blood  at  this  stage  ^vas  diluted  with  its 
own  volume  of  water  so  as  to  diminish  the  concentration  of  the  waste- 
prodvicts,  and  a  renewed  period  of  growth,  indicated  by  a  steadily 
mounting  electrical  conductivity,  was  again  observ^ed.  It  may  seem 
strange  that  bacteria  should  be  able  to  gTow  at  all  in  a  liquid  w^hose 
osmotic  pressure  is  8  or  10  times  as  great  as  that  of  nonnal  blood- 
serum  or  the  cell-sap  of  ordinaiy  vegetable  cells.  But  Wladimiroff  * 
has  shown  that  the  osmotic  pressure  in  the  interior  of  bacteria  is  ex- 
traordinarily great,  more  than  3  times  that  of  the  cells  of  the  higher 
animals.     And  if  the  bacterial  cell-^vall  is  freely  permeable  to  any  of 

*  Zeitsch.  f.  physikalische  Chemie,  vii,  529. 
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the  decomposition  products,  as,  for  example,  the  red  blood  corpuscles 
are  to  urea,  these  products,  although  they  would  diminish  the  freez- 
ing point  would  not  exert  any  osmotic  pressure  on  the  cell-wall. 

Expeiiments  III  and  IV  show  the  result  of  observations  on  the 
growth  of  B.  subtilis,  B.  proteus  Zenkeri,  B.  proteus  vulgaris,  B. 
Friedlander,  B,  coli  communis,  Bacillus  of  hog-cholera,  and  B.  lactis 
aerogenes.  The  cultures  were  all  grown  in  a  solution  of  Witte's  pep- 
tone. Plates  YII  and  VIII  represent  in  graphic  fonn  the  results  of 
Experiinent  III. 

As  to  the  nature  of  the  electrolytes  produced  by  the  bacteria,  we 
know  already  numerous  bodies,  especially  among  the  decomposition 
products  of  putrefying  proteids,  which  are  capable  of  acting  as  ions, 
for  example,  such  organic  kations  as  the  amines  and  ammonium,  and 
such  anions  as  the  acids  of  the  fatty  series. 

I  shall  not  further  discuss  these  results  at  present.  They  are 
enough  to  show  that  in  such  observations  we  have  a  practical  method 
of  measuring  the  amount  of  decomposition  produced  by,  and  therefore 
the  rate  of  growth  of,  bacteria.  It  is  possible  that  sufficiently  great 
and  constant  differences  might  be  observed  between  different  kinds  of . 
bacteria  when  grown  in  the  same  or  in  different  liquid  media  to 
enable  us  to  use  the  method  as  a  supplement  to  our  present  means  of 
diagnosing  between  nearly  related  forms.  And  for  this  purpose,  since 
the  curves  of  concentration  and  conductivity  run  practically  parallel 
to  each  other,  it  may  be  that  measurements  of  the  electrical  conduc- 
tivity alone  might  suffice.  These  w^ould  have  the  great  advantage 
over  measurements  of  the  freezing  point  that  they  could  be  carried 
out  in  tubes  furnished  with  platinum  electrodes  fused  through  the 
glass,  or  perhaps  passing  through  the  plug,  and  the  necessity  of  open- 
ing the  tubes  would  thus  be  obviated. 

It  is  hoped  that  further  observations,  now  in  progress,  may  cast 
light  upon  this  and  some  of  the  other  interesting  questions  arising 
out  of  this  research. 

Tabulated  Results. 

The  conductivity  ( ^  )  is  given  in  reciprocal  ohms  X  10*  and  re- 
duced to  5°  C.  In  the  column  headed  A  the  lowering  of  the  freez- 
ing point  is  given  in  degrees  centigrade. 
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EXPERIMENT  II. 

Jau.  4,  1898. 

PrXREFACTION'.        DOG'S    DEyiBRINATED    BLOOD.       THREE    SAMPLES,    A,    B    AND    C,    FROM 
THE    SAME    DOG.       A    AND    B    IN    STERILE    FLASKS;    C,    NOT. 


A(5°)X>oe. 

A(5o,Xl08. 

A  (5O)Xl08. 

A. 

B. 

C. 

Jau.  i. 

42.82 

' '      it. 

56.58 

37.61 

A  was  opened  for  the  first  time  to-day,  and 
is  laked. 

"    11. 

60.21 

45.02 

A  and  C  are  both  completely  laked. 

"   13. 

.65.67 

63.66 

48.32 

B  was  opened  for  the  first  time  to-day,  and 
is  completely  laked. 

"   15. 

75.44 

66.09 

58.01 

"   20. 

90.21 

79.96 

68.88 

"    28. 

101.81 

93.12 

77.28 

Feb.  1. 

126.75 

A  was  put  in  bath  at  30°-36°  C.  30  hours 
before  this  measurement. 

"     4. 

128.68 

99.41 

82.71 

A,  B  and  C  were  put  in  bath  at  35°  C. 
to-day. 

"     5. 

139.64 

90.37 

"     7. 

183.70 

143.47 

102.80 

Temperature  of  bath  now  raised  to  40°-43° 
C. 

"     8. 

232.57 

162.50 

115.75 

"      9. 

274.05 

178.52 

124.45 

"   10. 

308.02 

214.47 

147.65 

"    16. 

359.58 

314 . 13 

232.57 

"   24. 

356 . 04 

"   25. 

359.58 

381.78 

318.87 

"   26. 

363 . 70 

390.00 

"   28. 

364.23 

393 . 02 

338.00 

Mar.  2. 

360.09 

397.96 

343 . 03 

"     3. 

403.02 

345.37 

"      7. 

359.07 

397.96 

347.26 

"   11. 

349.65 

"   22. 

399.85 

340.27 

Apr.  27. 

382.93 

396.09 

343.03 

From  Jan.  4  to  Jan.  31,  A,  B  and  C  were  all  kept  at  room  temperature. 
When  A  and  B  were  first  opened  (on  Jan.  9  and  13,  respectively)  neither 
was  found  completely  sterile.  A  rod-shaped  bacterium  was  present  in  both, 
but  there  was  no  putrid  odor,  although  this  was  very  marked  in  C.  After 
being  opened  A  and  B  were  thoroughly  exposed  to  the  air  and  allowed  to 
putrefy  like  C. 
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KXl'KKl.MKNT    111. 


A   STKRIM:   SUI.ITION    ov    witte's    peptonk 
INOClLATEl)    WITH     IIAIIMAS    SUBTILIS 


WAS    l>l(KPAUi:i).         ON     AI'KII.     11,     ISJIS,     6    TUBES    WEUK 
AND    4    TIBES    WITU    BACILI.IS    PKOTEl'S    ZENKEItl. 


1S9S. 
Apr.  5.    !  Sterile  peptdiie  solutiou 

11.  Sterile  peptoue  solution  (after 
further  sterilizatii)ii  in  steam 
sterilizer.) 

"   11.      Inoculated  6  test-tubes  with  B. 
1  p.  m.        subtilis  and  4  with  B.  jiroteus 
Zeukeri. 

"    13.    '  B.  subtilis  No.  1. 
4  p.  m. 

B.  proteus  Zenkeri  No.  1. 

"    16.    I  B.  subtilis  No.  2. 

B.  proteus  Zeukeri  No.  4. 

B.  subtilis  No.  3.  i 

May  15.      B.  subtilis  No.  4. 

"    15.      B.  proteus  Zeukeri  No.  3. 
"    15.    ;  B.  proteus  Zenkeri  No.  3. 

B.  subtilis  No.  5. 

B.  subtilis  No.  6. 


15. 


15 


Apr.  13. 

'<    16. 
"   25. 

15. 

15. 


May 


Apr. 


B.  subtilis  No.  1. 

B.  subtilis  No.  1. 
B.  subtilis  No.  1. 
B.  subtilis  No.  1. 
B.  subtilis  No.  3. 

B.  proteus  Zenkeri  No.  1. 
B.  proteus  Zeukeri  No.  1. 
B.  proteus  Zenkeri  No.  1. 


.124 

,101 


.104 

.114 
.121 

.104 
.152 
.571 
.134 
.125 

.231 

.219 


.104 

.589 
1.267 
1.482 
1.197 

.114 

.530 

1.093 


A,50)XlO«. 


iQ  «o      Ash         .0876  ffrm.  1  .     ,,,. 
13.68       c^n.q„   A  -jn-o  M"   100  CC 

I  Solids  4..3O02  grm.  j 


1 1 .  25 


12.12 

11.53 
13.65 

12.27 
16.42 
51.57 
13.37 
12.56 

21.91 

19.03 


12.12 

65.57 
144.45 
171.05 
142.98 

11.53 

.59.97 

132.86 


At  35°  C.  since  inoculation. 
Considerable  growth. 

At  35°  C.     Less  growth. 

At  35°  C.  for  3  days;   then  room 
temperature  since. 


In  bath  at  40°  C.  since  April  20. 

,In  bath  at  40°  C.  since  April  27. 

At  room  temperature. 

At  room  temperature.     Verj-  lit- 
tle growth. 

At  room  temperature  since  inoc- 
ulation.    Fair  growth. 

At  room  temperature  since  inoc- 
ulation.    Fair  iirowth. 


Now  exposed  to  air  and  put  in 
bath  at  40°  C. 

Far  more   growth   than    in   un- 
opened tubes. 


Exposed  to  air  on  April  27.     In 
bath  at  40°  C.  since. 

Exposed    to    air    after    opening 
aud  put  in  bath  at  40°  C. 
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DESCKirTIOX    OF    PLATES    V-VIIl. 
Plate  V. 

Curves  plotted  from  the  results  of  Expei-iment  1  to  show  the  changfes 
in  the  molecular  concentration  of  putrefying  blood  and  serum. 

FB,  freezing  point  of  blood;  FS  of  serum;  GB,  conductivity  of  blood;  CS 
of  serum.  A  shows  the  course  of  the  curve  of  conductivity  in  the  defibrin- 
ated  blood  kept  at  air  temperature.  On  April  2  the  blood  and  serum  were 
put  in  a  bath,  the  temperature  of  which  varied  between  r57°  and  .39°. 

Plate  VI. 

Curves  plotted  from  the  results  of  Experinaent  II  to  show  the  changes  in 
the  electrical  conductivity  of  putrefying  blood. 

A,  B,  C,  curves  of  three  samples  of  blood  taken  at  the  same  time  from 
the  carotid  of  a  dog. 

a  shows  the  point  at  which  (on  Jan.  28)  A  was  put  into  bath  at  30°-36°  C; 
b,  the  point  at  which  (on  Feb.  1)  it  was  taken  out  of  the  bath.  The  dotted 
line  passing  through  the  three  curves  and  labelled  "  Bath  "  shows  the 
point  where  (on  Feb.  4)  A,  B  and  C  were  put  into  bath  at  35°,  where  they 
were  afterwards  kept.  /  is  a  curve  from  a  speciinen  of  blood  from  another 
dog,  the  numerical  results  of  which  are  not  quoted. 

Plate  VII. 

Shows  the  changes  in  the  conductivity  of  the  contents  of  five  tubes 
(Nos.  1,  3,  4,  5  and  6)  inoculated  with  Bacillus  subtilis  on  April  11.  The 
curves  are  plotted  from  the  results  of  Experiment  III. 

Plate  VIII. 

Shows  the  changes  in  the  freezing  point  of  the  contents  of  the  same 
tubes. 

On  April  13,  No.  1  was  freely  exposed  to  the  air  and  then  put  in  a  bath 
at  40°,  corked  tightly  with  an  ordinary  cork. 

On  April  27,  Xo.  3  was  treated  in  the  same  way. 

No.  4  was  put  in  the  bath  at  40°  on  April  27  and  kept  there  till  May  15, 
when  it  w^as  opened. 

jVos.  5  and  6  were  kept  at  the  room  temperature. 

The  curves  of  conductivity  (Plate  VII)  and  molecular  concentration,  it 
will  be  seen,  run  nearly  parallel  to  each  other. 
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ON  SUPKA-AHTEKIAL  KPICARDIAL  FIBROID  XODULES. 

By  J.  H.  MASOX  KNOX,  Jr.,  I'li.  D.,  ^[.  D. 
{From  the  PaiJwlogical  fjihoratorii  of  the  Jolni.s  HoiiLina  riiicersitij  and  Hospilal.) 

Plates  IX-XI. 

The  morbid  condition  to  be  described  in  this  article  is  character- 
ized by  the  presence  of  multiple,  grayish-white,  fibroid  nodules  situ- 
ated upon  the  coronary  arteries  of  the  heart.  Although  similar 
nodules  have  doubtless  been  previously  observed,  I  have  been  unable 
to  find  any  satisfactory  description  of  them  in  medical  literature.  1 
have,  therefore,  taken  advantage  of  the  opportunity  to  study  histo- 
logically five  well-nmrked  examples  Avhieh,  during  the  last  few  months, 
have  been  observed  among  the  autopsies  at  the  Johns  Hopkins  Hos- 
pital. 

These  supra-arterial  nodules  difi'er  from  the  ordinary  tendinous  or 
milky  patches,  often  observed  upon  the  epicardium,  especially  over 
the  right  ventricle,  in  their  multiplicity,  their  smaller  size,  and  their 
distribution  over  the  coronary  arteries  to  which  they  evidently  bear 
some  definite  relationship.  In  gross  appearance  they  resemble  much 
more  closely  the  nodular  affection  of  the  arteries  first  described  by 
Kussmaul  and  Maier'^  in  IS 6 6  under  the  name  '*  periarteritis  nodosa." 
In  consequence  of  this  resemblance,  which,  however,  is  only  superficial 
and  does  not  pertain  to  the  histological  structure,  it  is  appropriate  to 
direct  attention  to  the  latter  affection. 

Kussmaul  and  dialer  oliserved  nodular  thickenings  on  all  the  smaller 
arteries  of  the  body,  except  those  of  the  central  nervous  system,  in  a 
man  aged  27  who,  after  leading  a  vagabond's  life,  entered  the  hospital 
at  Freiburg  complaining  of  weakness  and  muscular  pains.  He  grew 
gradually  worse,  had  an  intermittent  temperature,  suffered  from  gastro- 
intestinal disturbances  and,  late  in  his  illness,  with  a  progressive  paralysis 

"  Dciitficlies;  Arrli.  f.  Ixlin.  Med..  1866,  i,  484. 
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which,  showed  from  time  to  time  short  remissions.  There  were  also 
symptoms  of  nephritis.     He  was  ill  four  weeks. 

At  autopsy  the  most  noticeable  feature  was  the  presence  of  countless 
opaque  nodes  on  the  smaller  arteries  of  the  body.  The  pericardium 
was  smooth  except  where  the  coronary  arteries  were  studded  with  these 
uniform  grayish-white  patches. 

Microscopical  examination  showed  usually  no  changes  in  the  intima  of 
the  arteries,  but  there  was  a  cellular  infiltration  and  degeneration  of  the 
media,  with  infiltration  and  much  hypertrophy  of  the  adventitial  coat, 
the.  lumen  of  the  vessel  being  usually  diminished,  but  occasionally 
dilated.  Kussmaul  and  Maier  expressed  the  opinion  that  the  arterial 
changes  were  primary,  and  that  the  condition  was  a  hitherto  undescribed 
affection  characterized  by  well-marked  symptoms.  They  had  no  sug- 
gestion to  make  as  to  the  cause  of  the  arterial  changes. 

Chvostek  and  Weichselbaum  *  reported  in  1877  the  case  of  a  sol- 
dier, aged  23,  who  became  suddenly  ill,  complaining  of  headache,  dizzi- 
ness and  nausea.  There  followed  irregularity  of  the  pupils  and  paralysis 
of  the  left  ocular  nerve,  of  the  right  side  of  the  face  and  of  the  right 
extremities.     He  died  after  an  illness  of  four  months. 

On  section  a  ruptured  aneurism  of  the  left  arteria  profunda  cerebri 
(posterior  cerebral)  was  found,  with  haemorrhage  into  the  cortex.  Many 
of  the  medium-sized  and  small  arteries  of  the  body,  but  only  at  their 
bifurcation,  were  the  seat  of  opaque  gray  swellings  varying  in  size  and 
shape.     There  were  caseous  areas  in  the  lungs,  pleurae,  liver  and  kidneys. 

Microscopical  examination  of  some  of  the  arterial  tumefactions  showed 
an  increase  in  the  cells  of  the  intima  with  small-celled  infiltration.  These 
changes  extended  through  the  media  and  met  a  like  proliferation  of  the 
adventitial  coat,  the  elastic  tissue  offering  the  most  resistance.  There 
were  aneurismal  dilatations  of  some  of  the  affected  arteries.  The  con- 
dition was  primarily,  they  consider,  an  endarteritis  of  luetic  origin  resem- 
bling that  described  by  Heubner.f  There  were  no  other  suspicious 
lesions  nor  was  there  a  syphilitic  history. 

A  somewhat  similar  case  is  described  by  P.  Meyer.  J  A  soldier,  24 
years  of  age,  after  a  life  of  dissipation,  was  admitted  to  a  hospital  com- 
plaining of  great  muscular  pain,  headache,  sleeplessness,  irregular  fever 
and  weakness.  These  sjrmptoms  became  more  marked  and  death  took 
place  in  two  months. 

*  Allg.  Wiener  med.  Zeitung,  1877,  xxii,  257  et  seq. 

t  Die  leiitische  Erkrankung  der  Hirnarterien,  etc.,  Leipzig.  1874. 

t  Virchow's  ArcMv,  1878,  Ixxiv,  277. 
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The  smaller  arteries  of  the  body  were  found  at  autopsy  to  be  the  seat 
of  several  yellowish-white  dilatations  from  a  mustard  seed  to  a  pea  in 
size,  most  frequently  situated  at  the  branching  of  the  artery  involved. 
The  vessels  of  the  brain  and  cord  were  quite  normal.  The  primary 
change  'Meyer  conceives  to  consist  in  the  rupture  of  the  elastic  coat  of 
the  artery  leading  to  a  dilatation  of  the  other  layers  with  thrombus 
formation  and  subsequent  proliferation  of  the  arterial  walls. 

He  thinks  that  sudden  changes  in  blood  pressure  from  the  ingestion 
of  large  quantities  of  fluid,  from  great  exertion  and  from  dissipation 
had  weakened  and  broken  through  the  strong  elastic  fibres  with  the 
above-mentioned  secondary  results. 

This  view  is  supported  in  part  by  Eppiuger,*  who  brings  the  affection 
into  line  with  aneurisms  produced  by  increased  blood  pressure  acting 
upon  arteries  whose  elastic  tissue  is  in  places  congenitally  weak,  and 
producing  a  bowing  out  of  the  wall  with  secondary  hypertrophy  of  the 
intimal  and  adventitial  layers. 

The  cases  thus  far  have  been  those  of  young  men,  but  that  the  pro- 
cess is  not  limited  to  this  class  is  shown  by  the  report  of  Fletcher. f  A 
widow,  aged  49,  presented  herself  at  the  hospital  complaining  of  mus- 
cular pain  and  weakness  with  occasional  swelling  of  the  legs.  Later 
there  were  also  intermittent  fever,  cough  and  albuminuria.  The  diagnosis 
rested  between  typhoid  fever  and  miliary  tuberculosis.  Death  occurred 
after  two  months. 

The  anatomical  findings  were  very  similar  to  those  of  von  Kahlden,| 
who,  in  1894,  reported  two  cases  in  which  like  alterations  in  the  arteries 
were  observed.  Both  patients  were  women  beyond  middle  life,  49  and 
52  years  of  age,  the  latter  the  mother  of  five  normal  children.  In  each 
case  the  symptoms  were  increasing  weakness  and  fever  to  which  in  the 
older  woman  were  added  great  pain  and  gastro-intestinal  disturbance. 
The  duration  of  the  illness  was  8  and  13  weeks  respectively.  On  section, 
each  of  these  three  cases  showed  upon  the  small  and  medium-sized 
arteries  circumscribed  whitish  nodules,  most  abundant  in  the  heart,  peri- 
cardium, mesentery,  pleurae,  liver  and  kidneys,  the  arteries  of  the  central 
nervous  system  being  unafl!ected. 

Fletcher  and  von  Kahlden  agree  with  Chvostek  and  Weichselbaum  in 
considering  that  the  process  begins  by  a  proliferation  of  the  intima  fol- 
lowed shortly  afterwards  by  a  like  process  with  leucocytic  infiltration  in 

*  Pathogenesis,  Histogenesis  n.  Aetiologie  der  Aneurvsmen,  Berlin,  1887. 
t  Zeigler's  Beitrage,  1891,  xi,  323. 
±  Zeigler's  Beitrage,  1894,  xv,  587. 
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the  adventitial  layer.  This  cellular  tissue,  they  assert,  invades  the 
media  on  both  sides  leading  to  its  rupture  and  to  the  degeneration  of 
hoth  muscular  and  elastic  tissues,  with  an  accumulation  of  small  round 
cells  and  fibrin;  a  thrombus  filling  the  lumen  in  the  later  stages  com- 
pletes the  picture.  They  do  not  accept  the  hypothesis  that  the  affection 
is  due  to  syphilis  on  account  of  the  complete  absence  of  luetic  history 
and  lesions,  but  they  are  disposed  to  consider  the  causal  agent  to  be 
some  other,  bacterial  or  toxic,  infection  of  the  blood  Avhich  attacks  the 
internal  coat  of  the  vessels  and  produces  those  changes  which  they  con- 
sider to  be  primary. 

rroni  this  brief  review  there  would  appear  to  be  several  reported 
instances  of  an  affection  of  the  smaller  arteries,  characterized  macro- 
scopicallv  by  circumscribed  whitish  nodules  distributed  pretty  gen- 
erally tlirough  the  body,  except  in  the  central  nervous  system,  and 
microscopically  by  hypertrophy  of  both  internal  (except  in  the  case 
of  Kiissmanl  and  Maier)  and  adventitial  coats  with  weakening,  and,  in 
places,  with  rupture  of  the  elastic  coat.  There  was  sometimes  dila- 
tation of  the  vessel,  but  usually  the  lumen  was  narrowed. 

The  lesions  in  these  cases  w^ere  accompanied  by  clinical  symptoms 
having  much  in  common.  The  onset  was  sudden  and  marked  by  mus- 
cular pain,  weakness,  intermittent  fever  and  ga'^tro-intostinal  dis- 
turbances. There  were  occasionally  also  subsequent  paralysis,  ansemia 
and  nephritis.  The  course  of  the  disease  w^as  progressively  fatal, 
death  resulting  in  all  cases  in  from  7  to  12  weeks. 

Three  suggestions  have  been  made  as  to  the  etiology.  Chvostek 
and  Weichselbaum  reasoning  from  the  close  resemblance  to  arterial 
changes  of  known  syphilitic  origin,  consider  lues  to  be  the  cause  of 
the  lesions.  Meyer  and  Eppinger  think  that  the  primary  change  is 
a  weakening  of  the  elastic  membrane;  while  Fletcher  and  von  Kahl- 
den  are  of  the  opinion  that  the  proliferation  of  the  intima  is  the  first 
step,  and  that  this  is  brought  about  by  the  direct  action  of  bacteiia  or 
of  toxins. 

The  gross  appearance  of  the  nodules  on  the  surface  of  the  hearts 
now  under  consideration  agrees  closely  with  that  of  the  arterial  thick- 
enings scattered  generally  through  the  body  in  the  cases  of  socalled 
periarteritis  nodosa. 
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Description  of  gross  specimens  (I'Lilc  XL).  In  llic  six'ciiiiL'ns  (jxainiucd 
the  extent  of  the  ])rocess  varii'd  iinit-h.  rruin  toiliioiis.  nioi'e  or  less  uni- 
form, elevations  over  the  arteries,  to  whitish  dots  minute  in  size  and  few 
in  number  which  almost  escape  attention.  In  most  of  the  specimens 
the  epicardium  between  the  arteries  was  delicate,  the  only  superficial 
lesion,  other  than  an  occasional  ''  milky  i)atcli,"  being  the  grayish-white 
nodules  along  the  smaller  arteries.  These  elevations  may  be  separated 
from  each  other  by  wide  intervals  or  they  may  be  quite  close,  resembling 
beads  strung  along  the  vessel,  or  they  may  coalesce  throughout  the  entire 
length  of  the  artery  (Case  III).*  They  hold  no  demonstrable  relation- 
ship to  the  points  of  bifurcation  of  the  vessels,  nor  was  any  particular 
branch  especially  affected.  In  no  case  did  the  thickening  tend  to 
encircle  the  artery.  In  one  case  (Case  V)  they  were  noticed,  not  only 
over  the  ventricle,  but  also,  although  few  in  number,  upon  the  auricle, 
and  over  the  small  vessels  in  the  adventitia  of  the  aorta  in  its  ascending 
part,  where  a  single  small  focus  measuring  1x2  mm.  in  diameter  existed. 
In  the  same  case  a  few  scattered  nodules  were  present  also  over  the 
large  veins  (Plate  XI).     There  was  no  tendency  to  aneurismal  formation. 

Microscopical. — The  appearances  observed  under  the  microscope  differ 
somewhat  in  different  cases,  although  the  main  lesion  is,  as  I  hope  to 
show,  constant.  In  Cases  I,  II,  III  and  IV  the  following  conditions 
were  observed  in  cross-sections  including  the  coronary  arteries  with  the 
nodules  upon  their  adventitial  surfaces.  The  intima  of  the  arteries  in 
the  majority  of  sections  examined  showed  little  alteration;  there  may  be 
slight  swelling  and  the  inner  margin  may  show  a  somewhat  irregular 
surface,  which  is  not  excluded  from  being  the  result  of  irregular  con- 
tractions of  this  coat  in  the  hardening  process.  In  several  specimens 
there  could  be  made  out  a  marked  increase  in  the  intimal  layer,  either 
as  a  single  mass  bulging  into  the  lumen,  representing  perhaps  an  organ- 
ized mural  thrombus  or  as  several  smaller,  more  diffuse  protrusions  con- 
sisting of  fusiform  and  branched  cells  with  some  intercellular  substance. 
In  the  last  case  examined  (Case  V)  the  intimal  changes  are  much  more 
pronounced,  being  most  marked  in  situations  corresponding  to  the  nodes. 
The  entire  internal  coat  is  thickened,  but  the  increase  i?  especially 
marked  in  the  myocardial  hemispherical  segment  of  the  artery.  In  this 
situation  it  is  fully  six  times  its  normal  thickness  and  the  muscular  tunic 
is  here  somewhat  diminished  and  degenerated.  The  increase  in  the 
thickness  of  the  intima  on  the  epicardial  side  is  relatively  slight,  although 
the  muscle  in  this  region  is  degenerated  and  attenuated  to  a  greater 
degree  than  on  the  opposite  side  of  the  vessel. 

*  Protocols  of  the  cases  are   appended  to  this  article,  pp.  257-260. 
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The  muscular  coat  (media)  is  in  the  main,  except  in  tlie  instance  to 
be  presently  mentioned,  unchanged,  so  far  as  can  be  determined,  in  the 
sections  stained  by  hc'ematoxylin  and  eosin.  Occasionally  there  is  aai 
apparent  degeneration  of  muscular  fibres  as  shown  in  a  reduction  in  num- 
ber of  muscle-cell  nuclei  and  there  is  exceptionally  an  infiltration  with 
small  round  cells.  In  Case  Y,  as  already  mentioned,  the  media  shows 
much  more  pronounced  pathological  changes,  in  that  this  tunic  is  reduced 
in  thickness  and  areas  of  hyaline  metamorphosis  are  apparent. 

The  changes  in  the  adventitia  proper  are  slight  and  inconstant.  Only 
occasionally  is  there  any  hypertrophy. 

The  nodular  formations  lie  upon  the  vessels  within  the  epicardium, 
being  seated  primarily  in  the  layer  of  connective  tissue  between  the 
endothelial  covering  and  the  delicate  layer  of  elastic  fibres  which  rests 
upon  the  main  layer  of  loose  vascular  connective  tissue  containing  the 
epicardial  fat.  Their  situation  corresponds,  therefore,  to  that  of  milky 
patches  as  determined  bj^  Kibbert.*  In  their  immediate  neighborhood 
are  found  the  usual  loose  adipose  and  connective  tissues,  vessels  and 
nerves.  But  the  nodules  differ  from  the  normal  connective  tissue,  being 
at  once  distinguished  from  this  through  their  dense  and  fibrous,  often 
sclerotic,  appearance. 

The  appearance  on  cross-section  is  as  though  a  compact  mass  of  firm 
connective  tissue,  convex  on  its  inner  surface,  were  set  upon  the  artery 
in  the  loose  epicardial  tissue.  The  lateral  edges  of  the  thickening  slant 
gradually  upward  to  the  surface  and  are  continuous  there  with  the  epi- 
cardium  (Plates  IX  and  X).  Scattered  through  the  firm  mass  are  a  few 
fusiform  connective-tissue  cells.  At  the  base  of  the  area  and  at  the  sides 
are  often  groups  of  lymphocytes  and  sometimes  a  small  number  of  poly- 
morphonuclear leucocytes  (Plate  IX,  Fig.  1  and  Plate  X,  Fig.  1).  The 
firm  tissue  pushes  up  beyond  the  level  of  the  rest  of  the  epicardium  and 
forms  the  opaque  nodule  seen  in  the  gross  specimen.  The  endothelium 
and  occasionally  some  subjacent  tissue  cover  the  prominence  and  are 
continuous  with  the  serosa  over  the  rest  of  the  heart.  Beneath  the 
nodules  the  layer  of  epicardial  elastic  tissue  can  usually  be  demonstrated, 
but  the  subjacent  loose  connective  and  adipose  tissues  are  more  or  less 
atrophied. 

The  size  of  the  fibrous  thickening  varies  within  wide  limits,  both  in 
depth  and  in  lateral  extension.  It  may  form  a  comparatively  narrow 
band  which  is  not  raised  above  the  surface  of  the  epicardium;  or,  again, 
it  may  appear  as  a  high,  irregular,  almost  pediculated  projection  rising^ 
from  a  compact  base  above  the  vessel  (Plate  X,  Fig.  2). 

*  Virchow's  Arclliv,  1S97,  cxlvii.  211. 
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The  nodiilo  niny  not  only  cover  the  outer  surface  of  the  vessel  hut 
may  extend  a  considerahle  distance  in  the  loose  cellular  tissue  on  each 
side  (Plate  X);  or,  on  the  other  hand,  there  may  be  an  oval  patch  over 
only  a  portion  of  an  arter)%  the  remaining  peri-adventitial  covering  being 
quite  normal  (Plate  IX,  Fig.  1). 

The  early  stages  of  the  process  leading  to  the  supra-arterial  nodules 
presented  a  tissue  richer  in  cells,  both  fibroblasts  and  lymphoid  cells, 
situated  superficially  to  the  vessel  and  on  its  epicardial  side.  As  the 
nodule  becomes  older,  the  more  homogeneous  and  less  cellular  becomes 
its  structure;  the  nuclei  are  fewer  and  the  focus  is  more  sharply  differ- 
entiated from  the  surrounding  tissue.  In  no  instance  was  any  tendency 
to  a  similar  fibrous  formation  noticed  on  the  side  of  the  affected  vessel 
next  to  the  heart  miiscle,  nor  were  any  similar  alterations  seen  about  the 
arteries  in  the  substance  of  the  myocardium. 

"We  have,  then,  in  these  cases,  nodules  on  the  surface  of  the  heart 
macroscopically  resembling  those  described  by  Kussmaul  and  Maier 
but  totally  dissimilar  in  their  minute  structure  and  relations;  for  the 
specimens  stained  in  hsematoxylin  and  eosin  failed  completely  to  show 
any  constant  degeneration  or  proliferation  of  the  arterial  walls,  such 
as  is  present  in  periarteritis  nodosa.  The  uniform  relationship  to  ar- 
teries, however,  suggested  that  there  was  probably  some  alteration  in 
the  vessel  which  was  at  least  associated  with  the  nodule.  Hence  a 
representative  number  of  the  sections  were  stained  for  elastic  tissue 
by  the  fuchsin  method  of  Manchot  *  and  by  the  method  of  Weigertf. 

Results  of  stain  for  elastic  tissue.  There  were  of  course  variations  in 
the  sections,  but  the  general  results  were  sufficiently  uniform  to  be 
quite  suggestive.  The  stains  brought  out  the  yellow  elastic  fibres  in 
dark-redi  or  violet,  in  contrast  to  the  pale,  partly  decolorized  tissues.  In  a 
few  of  the  sections  there  were  distinct  breaks  in  the  inner  elastic  coat 
just  opposite  the  nodule. 

The  most  noticeable  alteration,  however,  and  one  present  in  two- 
thirds  of  the  specimens  was  a  diminution  in  the  strength  of  the  outer 
elastic  coat  between  the  muscle  and  adventitial  layers.  This  membrane 
was  well  represented  in  the  inner  (myocardial)  side  of  the  artery,  often 
by  a  heavy  dark  band,  but  toward  the  outer  (epicardial)  half  it  became 

*  Yirchow's  ArcMv,  1890,  cxxi,  111. 
t  Centraim.  f.  allg.  Path.,  1898,  ix,  289. 
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thinned,  the  fihres  appeared  looser  and  separated  and  more  or  less  inter- 
laced by  the  coarser  hands  of  the  adventitial  coat  until,  beneath  the 
thickening  over  the  vessel,  perhaps  the  last  trace  of  the  elastic  membrane 
disappeared  (Plate  IX,  Fig.  2). 

In  no  instance  was  this  change  accompanied  by  an  increase  in  the 
thickness  of  the  inner  elastic  layer:  in  fact,  at  times  the  latter  also  ap- 
peared reduced. 

The  extent  of  this  reduction  or  disappearance  of  the  outer  elastic  coat 
differed  widely.  The  thinning  of  the  elastica  was  often  present  not  only 
Ijenqath  the  fibroid  nodule,  but  extended  a  considerable  distance  in  each 
direction,  affecting  perhaps  half  the  circumference;  or,  again,  it  was 
more  localized  and  perhaps  somewhat  to  one  side  of  the  thickest  part  of 
the  node  (Plate  X,  Fig.  2). 

The  normal  relative  strength  of  the  inner  and  outer  elastic  layers 
varies  considerably;  usually  the  inner  coat  is  the  stronger  and  the  fibres 
seem  more  compact,  but  in  other  specimens  it  appeal's  to  be  the 
Aveaker  of  the  two  and  the  main  elasticity  of  the  vessel  wall  is  evidently 
supplied  by  an  outer  membrane  which  is  thick  and  firm.  In  a  rupture 
of  this  strong  band  there  is  usually  not  a  simple  break  in  the  continuity 
of  its  fibres,  but  they  split  up  into  a  perfect  meshwork,  spreading  through 
the  adventitia  (Plate  X,  Fig.  2).  Elastic  fibres  were  made  out  in  some 
instances  in  the  nodule,  more  commonly  as  a  definite  layer  between  it 
and  the  underlying  connective  tissue  (Plate  IX,  Fig.  2).  Occasionally 
there  was  a  proliferation  of  elastic  fibres  through  the  thickened  intima. 
Only  rarely  were  defects  in  either  elastic  coat  seen  in  the  inner  (myocar- 
dial) side  of  an  artery.  In  these  cases  no  alteration  corresponding  to  the 
nodule  under  discussion  was  noticed  in  the  remaining  layers  nor  in  the 
surrounding  tissue.  ISTo  intrinsic  changes  in  the  elastic  fibres  suggest- 
ing degeneration  were  made  out;  the  only  microscopical  deviation  from 
the  normal  was  the  apparent  mechanical  separation  and  the  disappearance 
of  the  fibres.  Several  sections  containing  arteries  not  surmounted  by 
nodules  were  stained  in  the  same  manner,  and  although  irregularities  in 
the  elastic  coats  were  found,  there  was  not  in  any  case  the  marked 
alteration  deseriljed  in  the  elastic  membrane  as  existing  beneath  the 
fibrous  thickenings. 

Sections  of  the  diffuse  areas  of  epicardial  thickening,  known  as 
"  milky  patches,"  showed  the  appearances  described  by  Eibbert.*  Xo 
relationship  of  these  to  blood-vessels  was  observed. 

*  Virchow's  Archir,  1897,  cxlvii.  207. 
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The  foregoing  microscopical  ob.^ervati(^ii.s  indicate  a  relalion.sliip 
between  tlie  fibroid  nodides  and  the  demonstrated  Aveakening  in  that 
part  of  tlic  arterial  wall  inimediatel}'  beneath  the  nodule. 

In  considering  the  etiology  of  this  certainly  distinct  lesion,  one 
mnst  recall  the  diseases  with  which  it  may  be  associated. 

(1)  There  was  a  distinct  history  of  syphilis  in  one  case  (III);  in 
three  it  was  denied  (I,  II  and  Y),  while  there  is  reason  to  be  quite 
sure  that  there  was  no  luetic  infection  in  the  fifth  case  (IV).  The 
nature  of  the  histological  changes  does  not  correspond  to  that  of  a 
syphilitic  affection.  The  arterial  alterations  produced  by  lues  consist 
in  an  endarteritis  associated  usiuilly  with  a  periarteritis,  or  the  direct 
inclusion  of  the  vessel  in  surrounding  gummatous  material.  In  the 
sections  examined  the  arterial  w^alls  were  unaffected,  except  in  the 
manner  already  described,  and  in  no  instance  were  caseous  areas  seen 
in  the  adjacent  tissues. 

(2)  As  far  as  the  gross  appearances  go,  the  nodules  might  possibly 
be  mistaken  for  tubercles.  One  of  the  cases  reported  had  suffered 
from  a  general  tuberculous  peritonitis  (Case  Til)  for  which  laparotomy 
had  been  performed.  In  the  other  cases  there  was  no  evidence  what- 
ever, clinical  or  anatomical,  of  infection  with  the  tubercle  bacillus 
nor  was  there  the  slightest  sign  of  anv  tuberculous  structure  in  anv  of 
the  preparations. 

(3)  It  will  1)0  recalled  that  blood  infection  from  either  bacteria 
or  their  toxins  was  the  cause  suggested  for  periarteritis  nodosa 
by  the  later  writers,  Tletcher  and  von  Kahlden.  They  based  their 
hypothesis  upon  the  primary  proliferation  of  the  intima  which  they 
attributed  to  the  direct  action  of  toxic  substances  in  the  circulation. 
This  cellular  increase  in  the  intima,  as  has  been  shown,  is  conspicuous 
chiefly  by  its  absence  in  most  of  the  sections  from  our  cases,  although 
it  may  be  present,  as  in  Case  Y.  3.Ioreover,  cultures  from  the  heart's 
blood  were  negative  in  tW'O  instances,  while  Staphylococcus  pyogenes 
albus  alone  was  found  once,  as  was  also  in  one  ease  Staphylococcus 
pyogenes  aureus.  In  the  fifth  case  blood  cultures  taken  during  life 
remained  sterile.  It  would  be  quite  impossible  to  imagine  that  the 
nodules  could  be  due  to  poisonous  agents  carried  in  the  blood  stream 
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and  producing  this  fibrous  thickening  on  but  one  side  of  the  artery, 
while  thev  so  rarely  affect  a  vein  and  do  not  injure  further  the  inter- 
mediate arterial  coats. 

We  may,  therefore,  doubtless  exclude  syphilis,  tuberculosis  and 
other  infections  as  essential  etiological  factors  in  the  production  of 
these  supra-arterial  nodules. 

The  evidence  seems  to  me  strongly  to  support  the  view  that  the 
primary,  underlying  cause  is  to  be  found  in  a  weakening  of  the 
arterial  wall,  due  usually  to  defects  in  one  or  both  of  the  principal 
elastic  lamellae  of  the  artery,  most  frequently  of  the  elastica  externa. 
A  number  of  facts  in  the  protocols  lend  color  to  this  theory.  All  the 
cases  were  in  males  between  19  and  54  years  of  age,  accustomed,  with 
one  exception  (Case  III),  to  hard  work,  irregular  methods  of  life,  in- 
different nourishment  and  varying  quantities  of  alcoholic  beverages. 
The  heart  was  hypertrophied  in  four  cases  (I,  II,  TV,  Y) ;  in  one  (IV) 
there  were  valvular  lesions,  in  two  (II  and  V)  arteriosclerosis,  in  four 
(I,  II,  III,  V)  nephritis,  in  four  (II,  III,  IV,  V)  oedema,  and  in  a 
single  case  (I)  aneurisms  existed.  These  conditions  indicate  that  dur- 
ing life  there  must  have  been  irregularities  in  the  force  of  the  blood 
pressure,  influenced  further,  doubtless,  by  the  ingestion  of  large  quan- 
tities of  fluid. 

The  duration  of  the  final  illness  varied  from  8  weeks  to  2  years. 
So  far  as  known,  no  symptoms  are  attributable  to  the  epicardial 
nodules. 

As  a  probable  explanation,  then,  of  the  origin  of  these  fibroid 
nodules  it  is  suggested  that  there  is  a  weakening  of  the  arterial  coats, 
mainly  of  the  outer  elastic  coat,  on  the  side  toward  the  nodule.  While 
this  defect  may  be  congenital,  it  is  more  probable  that  it  is  acquired 
through  poor  nutrition  combined  with  sudden  alterations  in  blood 
pressure  from  the  causes  already  indicated.  This  loss  of  elasticity, 
it  may  be  supposed,  is  compensated  by  a  fibroid  thickening,  situated 
not  in  the  vessel  wall,  but  beyond  it  in  the  epicardial  tissue. 

For  such  an  explanation  an  analogy  is  to  be  found  in  the  A'iews 
now  generally  held  of  the  formation  of  aneurisms,  first  advanced  by 
Eokitansky  and  later  supported,  with  certain  minor  modifications,  by 
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Eppiuiicr,  P.  Meyer,  Mancliot,  Tlioma  and  others.  These  authorities 
consider  tl|e  primary  change  to  be  a  giving  away  of  the  media,  esjieci- 
ally  of  tlic  clastic  laminss  and  fibres,  with  subsequent  bulging  out  of 
the  arterial  wall.  "When  the  weakening  takes  place  slowly,  cellular  pro- 
liferation occurs  in  the  intima  and  adventitial  coats  and  the  danger  of 
aneurism  is  lessened  by  the  thickening  of  the  arterial  wall.  Tears  in 
the  elastic  laniella3  are  not  uncommon,  and  may  occur  without  the 
formation  of  aneurism.  The  high  pressure  in  the  coronary  arteries 
would  seem  to  render  these  vessels  particularly  exposed  to  such  in- 
juries, when  the  nutrition  of  their  walls  is  impaired.  Of  especial 
interest  in  our  cases  is  the  demonstration  of  more  frequent  and  pro- 
nounced defects  in  the  outer  elastic  lamella  than  in  the  intenial  one. 
It  will  be  recalled  that  in  no  case  was  there  an  increase  in  the  sur- 
rounding connective  tissue  corresponding  to  the  inner  or  myocardial 
side  of  the  artery  and  it  is  to  be  conjectured  that  here  the  heart  muscle 
affords  sufficient  support  to  prevent  stretching  of  the  vessel  walls  witb 
sucb  ruptures  of  the  elastic  lamellse  as  were  observed  on  this  side. 
Each  pulsation  must  produce  expansion  of  the  artery,  which  is  most 
marked  at  the  point  of  least  resistance,  i.  e.  at  the  outer  or  epicardial 
surface.  Excessive  or  irregular  expansion  can  easily  be  thought  of  as 
injuring  more  or  less  the  elastic  coat.  In  such  cases  there  follows  a 
still  greater  protrusion  outwards  of  the  vessel  wall  with  each  pulsation. 
The  significant  localization  of  the  defects  in  the  outer  elastic  lamellse 
upon  the  epicardial  side  of  the  arteries  indicates  the  greater  exposure 
of  the  artery  upon  this  side  to  injury,  and  this  may  be  due  to  the  lack 
of  the  support  which  is  afforded  to  the  myocardial  side  of  the  artery 
by  the  surrounding  tissues.  The  firm  resistance  offered  to  the  expan- 
sion of  the  vessel  on  the  inner  side  by  the  ventricular  wall  is  an  impor- 
tant factor  in  favoring  increased  bulging  in  the  free  semi-circumfer- 
ence. The  absence  of  this  counter-support  probably  accounts  for  the 
fact  that  similar  nodules  are  rare  upon  the  auricles. 

SUMMARY    AND    CONCLUSIONS. 

1.  Eibroid  nodules  seated  in  the  epicardium  directly  over  branches 
of  the  coronary  arteries  of  the  heart  are  not  uncommon.  They  may 
be  present  in  large  numbers  and  are  found  most  frequently  upon  the 
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surface  of  the  ventricles,  but  may  occur  over  the  auricles  aud  even  on 
the  outer  surface  of  the  ascending  aorta.  They  are  rarely  obsers^ed 
over  the  coronary  veins. 

2.  AVhile  often  resembling  in  gross  and  superficial  appearances  the 
nodules  described  by  various  writers  under  the  name  of  "  periarteritis 
nodosa,"  they  differ  from  these  in  essential  respects.  They  are  seated 
outside  of  the  adventitial  coat  and  lie  within  the  epicardium.  They 
are  composed  of  dense,  fibrous,  sclerotic  tissue,  poor  in  cells.  In  earlier 
stages  of  their  formation  they  are  richer  in  cells,  both  fibroblasts  and 
lymphoid  cells. 

3.  These  supra-arterial  nodules  bear  no  definite  relation  to  end- 
arteritis, although  they  may  be  associated  with  this  condition. 

4.  There  were  found  with  gTcat  regularity  in  the  arterial  wall 
immediately  beneath  the  nodule,  changes,  which  indicated  a  weaken- 
ing of  the  wall  in  this  situation.  In  some  instances  the  muscular  coat 
was  thinned  and  degenerated,  but  the  most  common  and  important 
change  was  reduction  and  often  disappearance  of  the  elastic  lamellae 
and  fibres,  the  outer  elastic  lamella  being  the  one  most  frequently  and 
intensely  affected.  These  lesions  were  often  limited  to  the  segment 
of  the  arterial  wall  adjacent  to  the  epicardium,  the  inner  or  myocardial 
segment  of  the  same  artery  being  free  from  similar  alterations,  or  pre- 
senting them  only  in  a  slight  degree.  It  is  suggested  that  the  absence 
on  the  outer  or  epicardial  segment  of  the  firm  support  afforded  to  the 
artery  on  the  inner  or  myocardial  aspect  by  the  surrounding  tissues 
renders  the  former  more  liable  to  damage  to  the  elastic  tissue  resulting 
from  irregularities  and  increase  of  blood  pressure  associated  perhaps 
with  defects  of  nutrition. 

5.  In  consequence  of  the  weakening  in  the  arterial  wall  the  artery 
would  tend  to  bulge  at  the  affected  spot  toward  the  epicardium  were 
this  tendency  not  restrained.  The  formation  of  the  dense  supra- 
arterial  nodule  of  fibrous  tissue  over  the  weakened  area  holds  this  ten- 
dency in  check  and  may  therefore  be  regarded  as  an  adaptive  or  com- 
pensatory change. 

The  question  as  to  the  immediate  exciting  cause  of  the  new  growth 
of  tissue  offers  the  same  difiiculties  as  that  pertaining  in  general  to 
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similar  urowtlis  of  coinicctivc  tissue.  Sonic  would  duuhtlcss  attribute 
it  to  direct  stiuiuhiti(»n  from  the  ])rcssure  and  slidck  nl'  the  impinging 
artery,  others  to  defects  in  the  tissue,  and  still  others  to  a  disturbance 
of  the  neighborhood  relations  of  the  part.  It  is  not  deemed  necessaiy 
to  enter  into  a  discussion  of  these  various  hypotheses. 

I  take  pleasure  in  expressing  my  thanks  to  Dr.  Welch  fur  examining 
my  sections  and  to  Dr.  Flexner  for  constant  advice  and  help. 

PROTOCOLS  OF  THE  CASES. 

Case  I.  Man,  G.  J.,  aged  45,  colored.  Clinical  history  not  uhla in- 
able. 

Anatomical  diagnosis.  ]^nlargenient  of  middle  lobe  of  prostate  gland; 
piu'ulent  cystitis,  pyoureter,  pyglonephritis,  pyonephrosis. 

Cardiac  hypertrophy  without  valvular  lesion;  supra-arterial  coronary 
nodules.  Haemorrhage  from  penis  and  stomach.  Broncho-pneumonia. 
Emphysema.     Exostoses  on  ribs. 

Additional  notes.  Pericardium  shows  "  milk  patch  "  over  right  ven- 
tricle. The  remainder  is  smooth  except  along  the  ramifications  of  the 
branches  of  the  coronary  arteries  over  both  ventricles,  where  grayish- 
white,  semi-translucent  nodules,  varying  in  size  from  an  ultimate  tuber- 
cle to  one  of  a  millimetre  in  diameter  exist.  These  may  be  scattered  at 
intervals  along  the  vessel  or  in  the  case  of  the  flatter  and  more  opaque 
ones  may  almost  coalesce  throughout  the  entire  length  of  the  vessel. 
Apparently  there  is  no  bulging  inward  of  the  vessel  wall  corresponding 
to  the  thickenings.  The  valves  are  delicate.  The  left  ventricle  is  thick- 
ened,  not  dilated.  Weight  of  heart  370  grammes.  No  arterial  nodules 
detected  in  any  of  the  organs. 

Bacteriological  report.     Heart  and  lungs.  Staph,  pyog.  albiis. 

Case  II.     Man,  S.  C,  aged  Ort,  colored,  coachman. 

Clinical  history.  Patient  came  to  hospital  complaining  of  shortness 
of  breath,  cough  and  swelling  of  the  legs  and  abdomen.  Has  led  a  rough, 
exposed  life.  Used  tobacco  and  alcohol  freely.  Fifteen  months  before 
admission  had  attack  of  dyspnoea,  which  has  been  repeated  many  times 
since,  together  with  oedema  of  face  and  of  extremities  and  ascites.  Much 
difficulty  in  micturition.  Urine  contains  albumin  and  hyaline  casts. 
Died  eleven  days  after  admission,  in  which  time  3800  cc.  of  fluid  were 
drawn  from  his  abdomen. 

Anatomical  diagnosis.  Arteriosclerosis.  Aneurism  of  the  thoracic 
and   abdominal   aorta.     Cardiac   hypertrophy.     Supra-arterial    coronary 
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nodules.  Chronic  passive  congestion  of  the  viscera.  Chronic  diffuse 
nephritis.  Atrophy  and  cirrhosis  of  liver.  (Edema  and  ascites.  Ecchy- 
moses  in  the  serous  membranes. 

Additional  notes.  Pericardium  generally  smooth.  Following  the 
course  of  the  coronary  arteries  and  their  branches  are  small  grayish- 
white  nodular  thickenings  from  a  pin's  head  to  a  millet-seed  in  thick- 
ness. Vegetations  are  present  on  the  aortic  segment  of  the  mitral  valve. 
A  bulging  is  seen  in  the  transverse  arch  of  the  aorta  and  a  second  dila- 
tation in  the  abdominal  aorta  below  the  superior  mesenteric  artery. 

Bacteriological  report.  Cultures  from  heart,  lungs,  peritoneal  cavity, 
liver  and  spleen  are  negative. 

Case  III.     Man,  W.  D.,  aged  43,  colored. 

Clinical  history.  Admitted  to  hospital  complaining  of  swollen  abdo- 
men and  dyspnoea.  One  brother  died  of  phthisis.  History  of  syphilis, 
gonorrhoea  and  abuse  of  alcohol.  Patient  felt  well  until  6  weeks  before 
admission  when  he  began  to  complain  of  headache,  muscular  pain,  and 
weakness  followed  by  cough,  dyspnoea  and  ascites.  He  was  transferred 
to  the  surgical  side,  laparotomy  was  performed  and  a  general  tuberculous 
peritonitis  was  found.  Death  occurred  18  days  after  operation,  about 
10  weeks  after  the  onset  of  symptoms. 

Anatomical  diagnosis.  Tuberculosis  of  peritoneum.  Tubercles  in 
form  of  large  caseous  and  conglomerate  masses.  Purulent  peritonitis. 
Operation  wound  for  laparotomy.  General  tuberculosis  of  lymphatic 
glands  and  abdominal  organs.  Acute  tuberculosis  of  left  pleura.  Hydro- 
thorax.     Double  hydroureter  and  hydronephrosis.     Interstitial  orchitis. 

Additional  notes.  Heart  small.  The  coronary  arteries  generally  are 
marked  out  by  grayish-white  elevations  fusing  together  over  them,  form- 
ing tortuous  opacities.  The  epicardium  between  these  thickenings  is 
normal  except  for  some  milky  patches..    The  intima  appears  smooth. 

Bacteriological  report.  Cultures  from  lungs,  heart,  kidney  and  liver 
show  Staphylococcus  pyogenes  aureus. 

Case  IV.     Man,  J.  H.^  aged  19,  white,  florist. 

Clinical  history.  Patient  admitted  to  hospital  complaining  of  cough, 
dyspnoea  and  palpitation.  Three  months  previously  had  suffered  with 
oedema  of  ankles,  but  resumed  work  until  a  month  before  admission, 
when  the  symptoms  complained  of  made  it  necessary  to  stop.  On  ad- 
mission there  were  marked  evidences  of  aortic  and  mitral  disease  with 
loss  of  compensation  and  cardiac  enlargement.  He  died  at  the  end  of 
three  weeks  after  admission,  during  which  time  the  symptoms  had 
become  worse. 
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Anatomical  diagnosis.  Proliferative  cndcc  arditis  affecting  aortic  and 
mitral  valves.  Hypertrophy  and  dilatation  of  both  sides  oJ;  the  heart. 
Eelativc  insufficiency  of  mitral  and  tricuspid  valves.  Hypoplasia  of 
aorta.  Chronic  passive  congestion  of  lungs,  liver,  spleen  and  gastro- 
intestinal tract.     Oedema,  ascites,  hydrothorax,  jaundice. 

Additional  notes.  Visceral  pericardium  smooth  except  for  a  few 
granules  of  fibrous  thickening  at  the  outer  edge  of  auricle  and  over  the 
right  ventricle  where  there  are  a  number  of  minute,  rather  translucent 
white  granular  spots,  slightly  elevated,  lying  over  the  course  of  vessels. 

Posterior  segment  of  chords  tendineae  of  mitral  valve  shortened  and 
thickened.  Aortic  valve  thickened  along  its  free  edge.  No  nodules  in 
organs. 

Bacteriological  report.  Cultures  from  peritoneal  cavity,  heart,  spleen 
and  mitral  valve,  negative. 

Case  Y.  J.  E.,  man,  aged  48,  colored,  upholsterer.  Complained  on 
admission  of  shortness  of  breath  and  swelling  of  legs.  Had  always  done 
hard  manual  labor  and  used  tobacco  freely,  otherwise  fairly  good  per- 
sonal history.  Present  illness  began  six  weeks  before  admission,  when 
shortness  of  breath  upon  exertion  was  first  noticed.  This  became  pro- 
gressively more  marked.     Patient  had  some  cough. 

On  admission  there  was  present  general  oedema  of  lungs,  abdomen,  face 
and  extremities  with  some  cyanosis.  Heart  was  enlarged  but  no  organic 
lesion  made  out.  Eadial  walls  markedly  thickened.  Urine  contained 
hyaline  and  granular  casts  and  0.2-0.7  per  cent,  albumin.  Condition 
became  gradually  worse.  Cheyne-Stokes  breathing  appeared  and  patient 
■died  seven  weeks  after  admission,  after  illness  of  about  three  months. 

Anatomical  diagnosis.  Arteriosclerosis;  cardiac  hypertrophy;  thick- 
ening of  mitral  valve;  extensive  supra-arterial  epicardial  fibroid  nodules; 
thrombi  in  auricular  appendages;  infarct  of  kidney;  chronic  nephritis; 
redema  and  chronic  passive  congestion. 

Additional  notes.  Heart  weighed  540  grms.  .  Hypertrophy,  chiefly 
of  left  ventricle,  with  dilatation.  Over  the  epicardial  surface  of  the 
main  coronary  arteries  of  the  left  ventricle,  as  well  as  their  branches 
and  small  twigs,  are  seated,  discrete,  small,  elevated  fibroid  nodules  of  a 
semi-translucent  or  opaque  appearance,  resembling  often  beads  strung 
along  the  course  of  the  superficial  vessels  (Plate  XI).  Similar  nodules 
are  found  in  small  numbers  upon  the  auricles  and  upon  the  arch  of  the 
aorta.  In  these  situations  their  relation  to  blood-vessels  can  also  be 
demonstrated.  Several  similar  nodules  occur  along  the  course  of  the 
larger  branches  of  the  coronary  vein  (Plate  XI). 
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The  coronary  arteries  are  tortious  and  extensively  sclerosed.     There 
is  a  o'cneral  arteriosclerosis. 


DESCEIPTIOX  OF  PLATES  IX-XI. 
Plate  IX. 

Fig.  1  (Case  II).— Transverse  section  of  small  artery  in  epicardium,  sur- 
mounted bj^  a  fibroid  nodule.  The  fibrous  thickening'  is  over  about  one-half 
the  width  of  the  vessel.  Hfematoxylin  and  eosin  staining.  A.  Intima. 
B.  Inner  elastic  coat;  wavy  lines  showing  only  at  the  sharper  turns  of  the 
vessel  wall.  C.  Media,  slight  swelling  and  degeneration  (reduction  in  the 
nurhber  of  nuclei)  beneath  the  nodule.  /,  Adventitial  coat  unaltered. 
F.  Normal  epicardium.  G.  Supra-arterial  fibroid  nodule  projecting  above 
the  surface  of  the  epicardium  and  extending  to  the  adventitial  membrane. 
J.  Accumulation  of  small  round  cells  in  the  epicardium  at  the  sides  of  the 
node.  K.  Nerves  in  cross-section.  L.  Capillaries.  M.  Portion  of  a  vein 
evidentlj^  not  associated  with  the  fibrous  nodule.     H.  Heart  muscle. 

Fig.  3  (Case  II). — Specimen  stained  in  fuchsin  (Manchot's  method).  A. 
Intima.  B.  Inner  elastic  coat  unaltered;  no  break  or  weakness  beneath 
the  nodule.  C.  Media.  D.  Outer  elastic  membrane  between  the  muscle  and 
the  adventitial  layer.  This  elastic  membrane  is  thick  and  firm,  and  evi- 
dently supplying-  the  chief  support  and  giving  the  elasticity  to  the  vessel 
Avail.  The  membrane  is  intact,  except  at  E,  Avhere  beneath  the  nodule 
there  is  a  marked  fraying  out  and  disappearance  of  the  elastic  fibres  with 
a  consequent  diminution  in  the  strength  of  the  arterial  wall.  F,  G,  H,  I  as 
in  Fig.  1. 

Plate  X. 

Fig.  1  (Case  II). — Same  specimen  as  Plate  IX,  Fig.  2,  stained  by 
hsematoxylin  and  eosin.  A.  Intima,  with  areas  of  proliferation  probably 
not  associated  with  the  fibrous  nodule.  B.  Inner  elastic  coat.  C.  Media 
apparently  unchanged.  I.  Adventitial  coat  unaltered.  F.  Normal  epi- 
cardium. G.  Fibroid  nodule  projecting  but  slightlj'  above  the  surface  of  the 
epicardium  and  extending  to  the  adventitial  coat  beneath.  J.  Groups  of 
small  round  cells  at  the  side  and  beneath  fibrous  nodule.  K,  L,  J/,  H  as  in 
Plate  IX,  Fig.  1. 

Fig.  2  (Case  III). — Transverse  section  of  lai'ger  artery  surmounted  bj-  a 
pronounced  fibrous  thickening,  somewhat  pedunculated  and  projecting 
abruptly  from  the  surface.  Same  staining  as  Plate  IX,  Fig.  2.  A.  Intima. 
B.  Inner  elastic  coat,  very  firm,  unaltered.  C.  Media.  D.  Outer  elastic  coat, 
compact  only  for  a  small  portion  of  the  circumference  on  the  myocardial 
side.  From  this  point  on  each  side  the  fibres  may  be  seen  to  separate  into 
a  network  and  to  become  diminished  in  number  until  at  /  thej'  cannot  be 
demonstrated. 

Plate  XI. 
Heart  of  Case  Y. — The  supra-arterial  epicardial  nodules   are  well  shown 
over  the  coronary'  arteries  and  their  branches.     To  the  left  are  seen  a  few 
nodules  upon  a  large  vein. 
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Plates  XII-XV. 

Since  the  description  by  Gilchrist, f  in  1894,  of  blastomycetic  derma- 
titis, and  the  report  bv  Gilchrist  and  Stokes:}:  of  the  second  case,  two 
more  instances  have  been  recorded,  one  by  my  assistant,  H.  G.  Wells,  § 
which  like  the  two  previous  cases  resembled  lupns  vulgaris  clinically, 
and  the  other  and  fourth  by  R.  Hessler.||  The  latter's  case  began  as  a 
pimple,  which  gradually  enlarged  and  formed  a  small  abscess,  from  the 
contents  of  which  a  blastomyces  was  cultivated.  After  evacuation  the 
abscess  healed,  but  at  the  time  of  the  report  new  foci  were  making 
their  appearance  in  the  neighborhood  of  the  old  scar.  The  only  other 
of  the  four  instances  of  blastomycosis  of  the  skin,  in  which  the  organ- 
ism has  been  isolated  in  pure  culture,  is  that  of  Gilchrist  and  Stokes, 
who   record   full   observations   on  the    cultural,    morphological,    and 

*  Eead  by  title  at  the  meeting  of  the  Association  of  American  Physicians, 
Washington,  D.  C,  May  1-3,  1899. 

t  Johns  Hopkins  Hospital  Reports,  1896,  i,  269. 

%  Johns  Hopkins  Hospital  Bulletin,   1896,   vii,   129;  Journal  of  Experimental 
Medicine,  1898,  iii,  53. 

§  ]Veic  York  Medical  Journal,  March  26,  1898. 

\\lndiana  Medical  Journal,  August,  1898. 
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pathogenic  properties  of  the  Blastomyces  dennatitidis,  whicli  is  the 
name  they  gave  the  fungus  in  their  case. 

It  is  now  proposed  to  describe  briefly  the  results  of  the  histological 
and  biological  examination  in  the  case  of  blastomycetic  dermatitis 
recently  under  the  care  of  Professors  Hyde  and  Bevan,  in  the  Presby- 
terian Hospital,  of  Chicago,  so  as  to  add  to  the  number  of  instances 
illustrative  of  the  action  of  pathogenic  blastomycetes- — microorganisms 
which  of  late  are  attracting  considerable  attention. 

I  am  under  many  obligations  to  Professor  Hyde,  who  saw  the  case 
first  and  refeiTed  it  to  Professor  Bevan,  for  the  pri^-ilege  of  making 
the  following  abstract  of  the  clinical  history:* 

E.  B.,  by  occupation  a  day  laborer,  56  years  of  age  and  married,  pre- 
sented himself  for  treatment  September  20,  1898.  He  was  a  native  of 
Holland;  at  18  years  of  age  he  left  for  the  East  Indies,  Avhere  he  entered 
the  Dutch  army,  serving  in  the  East.  He  was  then  taken  ill  with  some 
form  of  fever,  which  resulted  in  his  leaving  the  East  Indies  for  his  na- 
tive land.  He  remained  in  Holland  for  eight  or  nine  years  after,  and 
came  to  America  in  1892. 

His  present  malady  began  four  years  ago  by  the  development  of  a 
small  reddish  spot  in  the  right  leg,  the  disorder  gradually  extending  over 
its  anterior  part.  For  this  trouble  he  underwent  some  operation  in  the 
Dearborn  Hospital;  he  was  also  treated  at  the  Hahnemann  Hospital. 
The  result  was  the  production,  in  the  region  named,  of  a  thin,  broad, 
cicatriform  tissue,  insensitive,  and  in  places  scaling. 

One  year  ago  the  left  thumb  and  wrist  were  found  to  be  involved  in 
some  morbid  process,  which  produced  by  gradual  extension  from  the 
point  of  original  implication  a  reddish  patch,  well  defined  in  outline, 
with  a  bluish-red  areola  and  a  decidedly  verrucous  aspect.  This  patch 
furnished  a  moist  and  sticky  exudate.  The  subjective  symptoms  were 
a  sense  of  soreness  and  burning,  at  times  decided  pain  and  pricking  sen- 
sations. The  pain  often  radiated  up  the  arm,  so  that  both  the  elbow 
and  shoulder  of  the  affected  side  became  sensitive.  The  fingers  became 
partially  flexed  toward  the  palm;  the  little  finger  was  thus  permanently 
flexed. 

*  The  clinical  aspects  of  this  case  are  fully  dwelt  upon  in  an  article  by 
Hyde,  Hektoen  and  Bevan  (A  Contribution  to  the  Study  of  Blastomycetic 
Dermatitis,  BrjVisZt  Jownnal  of  Dermatology,  1899,  xi).  Here  is  also  a  brief 
report  of  a  new  case  of  blastomycosis  of  the  skin  of  the  leg  which  I  dis- 
covered in  a  museum  specimen. 
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Ho  sullV'rrd  from  liciiilnrlics.  wliicli  were  I'riHiuciit  and  severe;  innii 
eoiistipation.  iiiid  ri'oin  inaiiiieleuce.  His  sleep  was  poor.  His  height 
was  5  feet  9  inches;  weight,  98  pounds,  a  decline  from  his  average  weight 
of  145  pounds.  lie  used  tobacco  in  moderation  hut  no  alcoholic  stimu- 
lants, though  he  had  once  been  a  heavy  drinker. 

His  father  died  at  tlie  age  of  i)2,  in  good  health;  his  mother  at  io,  of 
consumption.  There  were  three  brothers  living,  one  dead  from  consump- 
tion; three  sisters  were  dead  of  consumption,  at  21,  16,  and  48  years  of 
age,  respectively.  He  had  had  six  children;  four  were  living  and  in  good 
health,  two  were  dead,  one  at  39  months,  the  other  at  2i  years,  from 
causes  unknown. 

When  examined  by  Prof.  Hyde  the  region  of  involvement  of  the  right 
leg  extended  in  an  irregular  oval,  its  long  axis  parallel  with  the  axis  of 
the  extremity,  from  the  lower  margin  of  the  upper  third  of  the  anterior 
surface  of  the  limb  quite  to  the  lower  border  of  the  lower  third,  its  lateral 
wings  barely  perceptible  when  the  posterior  surface  of  the  leg  was  viewed 
from  behind.  The  encroachment  upon  the  calf  was  about  equal  on  the 
two  sides,  the  outer  wing  slightly  more  elevated  than  its  fellow.  This 
entire  suriace  was  covered  with  a  thin,  papery  substitute  for  the  normal 
epidermis,  which  furnished  a  slight  scale. 

The  dorsal  aspect  of  the  proximal  phalanx  of  the  right  thumb  and 
of  the  wrist,  with  a  portion  of  the  posterior  face  of  the  lower  third  of 
the  forearm,  were  involved  in  a  single  connected  patch  of  morbid  tissue, 
dull-reddish  in  hue,  sharply  defined  in  outline  and  having  a  peculiar 
bluish-red  border  extending  about  4  mm.  away  from  the  edge  of  the 
affected  area.  The  body  of  the  patch  was  made  up  of  an  elevated  mass 
of  infiltration,  with  a  verruciform  development  of  fine,  pin-head-sized 
papillas  projecting  externally  and  moistened  by  a  glutinous  secretion. 
Individual  elements  of  this  warty  growth  were  readily  distinguished  by 
the  eye.  ,The  palm  was  completely  spared.  There  was  entire  absence 
of  other  lesions,  such  as  pustules,  vesicles,  crusts,  or  the  scar-like  tissue 
exhibited  on  the  leg.     No  other  signs  of  disease  were  discovered. 

For  the  purpose  of  fiirther  examination  and  study  of  the  lesion  pre- 
sented by  the  patient,  he  was  placed  in  the  Presbyterian  Hospital,  under 
the  charge  of  Professor  Bevan  who.  on  September  27,  1898,  excised  a 
small  piece  of  the  upper  margin.  Frozen  sections,  stained  with  hsema- 
toxylin  and  eosin,  show^ed  extensive  epithelial  proliferations  and  cell  in- 
filtrations in  the  corium;  in  the  new-formed  epithelial  masses  were  nu- 
merous miliary  abscesses,  in  one  of  which  I  found  two  round  bodies,  com- 
posed of  an  outer  bluish  membrane,  an  inner  colorless  and  hyaline  layer, 
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and  faiutly  stained  granular  contents  with  a  few  blue  bodies  like  cocci. 
A  diagnosis  of  blastomycetic  dermatitis  was  accordingly  made. 

Soon  afterward  Professor  Bevan  placed  the  patient  on  iodide  of  po- 
tassium, with  the  result  that  material  diminution  in  the  size  of  the  patch 
occurred,  and  such  marked  amelioration  of  all  the  symptoms  that  the 
question  of  operative  interference  was  for  the  time  set  aside.  The  pa-, 
tient  had  been  taking  the  drug  named  before  he  first  came  under  Pro- 
fessor Hyde's  observation.  Init  probabh'  not  in  such  doses  as  those  ad- 
ministered afthe  hospital. 

Microscopical  Examinaiion. — Portions  of  the  bit  of  tissue  excised  Sep- 
tember 27  were  fixed  in  absolute  alcohol.  On  October  6  Professor 
Bevan,  at  my  request,  excised  a  long,  narrow  strip  from  the  centre  of 
the  lesion  on  the  back  of  the  hand,  the  clinical  appearance  of  which  now 
indicated  rapid  healing,  especially  at  the  margins.  Pieces  from  this 
strip  were  fixed  in  absolute  alcohol,  sublimate  and  Zenker's  fluid. 
Paraffin  sections  were  stained  with  hasmatoxylin  and  eosin,  Gram's 
method  ])receded  by  carmine,  and  alkaline  methylene-blue,  with  or  with- 
out counterstain  with  eosin. 

The  histology  of  the  skin  lesion  may  be  summarized  as  follows:  It 
can  he  said  at  the  outset  that  the  histological  appearances  in  this  case 
are  identical  with  those  described  by  Gilchrist  and  by  AVells.  In  fact 
their  descriptions  would  answer  very  well  for  this  case  also. 

The  surface  of  the  skin  is  covered  by  a  horny  layer  of  varying  thick- 
ness, together  with  debris,  polymorphonuclear  leucocytes,  blood  discs 
and  bacteria,  especially  bacilli  that  take  Gram's  stain.  In  places  small 
abscesses  have  broken  through  the  horny  layer,  which  lies  directly  on 
the  granular  or  prickle  layer.  The  striking  feature  in  the  sections  is 
the  great  hyperplasia  of  the  epithelium,  very  similar  to  rapid  carcinoma- 
tous proliferation,  and  in  the  form  of  variously  shaped  and  branching 
downgrowths  of  from  3  to  5  mm.  in  extent,  which  start  from  the  inter- 
papillary  processes  principally  and  cause  great  distortion  of  the  papillary 
layer.  In  the  larger  columns  of  epithelial  cells  the  central  parts  may 
show  degeneration  as  well  as  distinct  hornificatiou.  Isolated  epithelial 
whorls,  more  or  less  completely  hornified,  also  occur.  The  epithelial 
proliferations  are  generally  separated  from  the  fibrous  tissue  of  the 
corium  by  a  quite  distinct  layer  of  cylindrical  epithelial  cells,  next  to 
which  occur  typical  prickle  cells.  Occasionally  karyokinetic  figures 
occur  in  the  epithelial  cells. 

Scattered  throughout  the  entire  epithelial  portion  are  polymorpho- 
nuclear leucocvtes,  which  occur  between  as  well  as  within  the  cells.     Xu- 
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morons  focal  (.h)1  lections  of  Iciicocvlos,  which  when  lar^^cr  fonii  miliary 
abscesses,  are  found  in  all  parts  of  the  thickened  epithelium,  in  the  deep 
])rolon<iations,  near  the  surface  as  well  as  directly  underneath  it.  and  at 
times  they  have  broken  through  externally.  The  contents  of  these  char- 
acteristic abscesses  consist  of  leucocytes,  with  more  or  less  nuclear  frag- 
mentation, desquamated  epithelial  cells,  detritus  of  horny  material,  red 
blood  corpuscles,  and  the  organism  peculiar  to  the  process;  in  some  are 
also  multinuclear  giant  cells  of  the  tuberculous  type.  The  epithelial 
cells  around  the  abscesses  seem  to  play  an  entirely  passive  role  and  to 
be  flattened  out  by  the  pressure  of  the  abscess  contents. 

The  connective  tissue  between  the  epithelial  downgrowths  jjresents 
typical  acute  and  subacute  inflammatory  changes:  the  vessels  are  con- 
gested, leucocytes  are  seen  in  the  act  of  migration,  there  are  ha?morrhagic 
extravasations  as  well  as  cedematous  districts.  The  cell  infiltration  is 
marked  in  many  places,  but  there  are  but  very  few  miliary  abscesses  and 
no  organisms  have  been  found  in  the  corium;  a  few  giant  cells  are  pres- 
ent; endothelioid  cells,  plasma  cells,  and  polymorphonuclear  leucocytes 
make  up  the  principal  part  of  the  infiltration;  the  mast  cells  are  rather 
numerous.  In  places  young  connective  tissue  has  formed.  Occasional 
typical  hyaline  bodies,  mostly  as  mulberry-shaped  masses,  are  present. 
In  one  instance  a  large  cell  with  a  nucleus  like  that  of  plasma  cells  was 
filled  with  small  hyaline  spheres. 

As  to  the  appendages  of  the  skin  present  it  would  seem  that  they  play 
but  a  passive  role;  the  coils  of  the  sweat  glands  are  crowded  apart  by  the 
inflammatory  infiltration,  and  the  hair  follicles  are  tbo  scat  of  a  marked 
hyperkeratosis. 

The  organisms  in  this  case  do  not  seem  to  be  present  in  the  tissues  as 
numerously  as  in  the  cases  previously  reported.  This  impression  is 
gained  after  carefully  looking  over  a  large  number  of  sections  from 
various  parts  of  the  area  involved.  All  the  mature  organisms  seen 
occur  in  the  miliary  abscesses  in  the  epithelial  proliferations  (Figs.  1 
and  2,  Plate  XII),  most  often  singly,  sometimes  in  groups  of  from  two 
to  four;  they  are  invariably  situated  outside  of  the  cells;  not  even  the 
giant  cells  in  this  case  contain  any  parasites.  The  parasites,  when  not 
budding,  are  round  or  oval,  and  about  10  to  12  mikrons  in  diameter; 
they  are  surrounded  by  a  homogeneous  capsule,  from  which  the  finely 
granular  protoplasm  is  separated  by  a  clear  zone  of  varying  width;  in 
some  the  protoplasm  contains  a  vacuole  of  vaiwing  size,  which  in  a 
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few  instances  occupies  the  larger  part  of  the  cell,  crowding  the 
granules  closely  together  inside  the  clear  zone,  which  becomes  indis- 
tinct; in  a  few  organisms  the  outer  capsule  contains  oblong  thickenings. 
Budding  bodies  in  varying  stages  are  present ;  the  granular  protoplasm 
pushes  the  capsule  and  clear  zone  before  it,  forming  an  oval  bud  which 
grows  larger  and  eventually  separates  from  the  mother  organism. 
Methylene  blue  gives  the  best  stain  of  the  parasite,  the  capsule  assum- 
ing a  deep  blue  color,  the  protoplasm  a  lighter  blue.  There  are  no  red 
gTanules  in  the  parasites  when  stained  in  this  way,  as  described  by 
Gilchrist. 

Cultures* — Smears  of  soft  material  from  the  bit  of  skin  first  excised 
contained  a  few  bacilli  and  a  very  small  number  of  round  bodies  similar 
to  those  found  in  the  sections.  Three  glycerine-agar  and  three  blood- 
serum  tubes  were  inoculated.  The  resulting  colonies  consisted  of  a  ba- 
cillus, mixed  with  a  few  large  round  bodies;  attempts  at  isolation  of  the 
latter  by  means  of  the  plate  method  failed.  Two  attempts  at  cultivating 
yeasts  from  the  hand  yielded  pure  growths  of  a  pathogenic  bacillus  which 
belongs  in  the  pseudo-diphtheria  group.  Numerous  cultures  were  also 
made  from  the  strip  of  skin  removed  October  6;  small  pieces  of  tissue 
were  rubbed  over  the  surface  of  potato,  glycerine-agar  and  glucose-agar; 
inoculations  were  also  made  in  Pasteur's  fluid.  After  24  hours  there  was 
a  heavy  growth  upon  all  the  solid  media,  consisting  of  a  comparatively 
few  large  clear  bodies  and  bacilli.  Isolated  by  the  plate  method  the 
bacilli  proved  to  be  pseudo-diphtheria  bacilli  already  found,  and  an  un- 
identified bacillus;  the  plates  also  showed  some  colonies  which  consisted 
of  round  bodies  of  variable  size;  in  the  subcultures  these  bodies  were  so 
closely  and  constantly  associated  with  small  coccus-like  organisms  that 
for  a  time  grave  doubts  were  felt  as  to  the  purity  of  the  growth.  In 
subcultures  on  glycerine-  and  glucose-agai*  there  were  noticed  after  several 
days  colonies  with  two  distinct  shades  of  color,  namely  a  creamy  yellow 
and  an  almost  pure  white.  Now,  from  the  yellow  part  the  smears  showed 
only  small,  round  or  oval,  often  apparently  budding  and  deeply  stained 
organisms,  often  not  larger  than  large  cocci,  while  the  white  colonies  con- 
sisted of  much  larger,  mostly  quite  clear  round  bodies,  varying  in  diame- 
ter from  7  to  10  mikrons. 

Inoculations  of  the  smaller  organism  in  the  yellow  colony  on  fluid 
media  were  followed  in  two  or  three  days  by  the  growth  of  a  fine  film  on 

*I  am  indebted  to  Mr.  H.  E.  Davies  for  the  successful  isolation  of  the 
blastomyces  in  pure  culture. 
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the  surfaco.  wliich  consisted  of  small  bodies,  while  the  slight  deposit  at 
the  bottom  contained  mostly  larger  forms.  Inoculations  on  bouillon 
with  the  larger  form  gave  the  same  results.  Cultures  of  the  smaller 
organisms  on  glucose-  and  glycerine-agar  at  room  temperature  developed 
both  forms,  smears  showing  long  chains  of  more  or  less  deeply  stained 
small  bodies  which  were  closely  connected,  and  at  one  end  of  the  chain 
tliore  would  often  be  one  or  more  of  the  large  clear  organisms.  It  was 
also  soon  noticed  that  when  a  culture  of  the  larger  form  became  dr\'  the 
organism  seemed  gradually  to  become  smaller.  It  was  therefore  con- 
cluded that  it  concerned  one  and  the  same  organism,  which  in  the  course 
of  artificial  growth  appeared  in  various  sizes. 

This  organism  grows  readily  on  all  of  the  following  media,  the  extent 
and  rapidity  of  growth  corresponding  roughly  to  the  order  in  which 
they  are  named,  beginning  with  the  most  favorable:  beerwort-agar,  glu- 
cose- and  gh-cerine-agar.  Loffler's  blood-serum,  potato  (alkaline),  glu- 
cose- and  crlvcerine-broth.  lactose-,  dextrose-,  and  saccharose-broth,  agar- 
agar,  gelatine,  milk,  and  Pasteur's  fluid. 

ArjQr  and  Gelatin  Plates. — On  glycerine-agar  plates  pin-point-sized 
and  even  larger  colonies  develop  in  24  hours  at  35°  C;  they  are  roundish 
and  oval,  rather  coarsely  but  evenly  granular  and  very  light  grayish  in 
color.  With  a  moderate  magnification  the  individual  yeast  bodies  are 
readily  distinguishable,  especially  at  the  margins,  where  budding  forms 
often  occur  (Fig.  3.  Plate  XIII).  As  the  colonies  become  larger  the  cen- 
tral part  turns  more  opaque:  the  surface  colonies  are  larger  than  the 
deep. 

The  deep  colonies  on  gelatin  plates  show  the  individual,  clear,  circu- 
lar bodies  very  distinctly,  while  the  surface  growths  are  smaller,  irregu- 
lar in  outline,  more  opaque,  and  composed  of  much  smaller  organisms. 
In  the  hanging  drop  colonies  of  gelatin  small,  opaque  buds  are  seen  be- 
tween the  large,  clear  organisms.  Generally  the  process  of  budding  re- 
sults in  the  growth  of  small  round  colonies,  but  sometimes  peculiar,  long 
outgrowths  of  two  or  more  quite  parallel  rows  of  bodies  develop,  so  that 
the  colony  becomes  more  or  less  club-shaped. 

Hanging-drop  cultures  of  bouillon  show  the  multiplication  by  budding 
very  well,  and  also  the  structure  of  the  organism  (Fig.  4.  Plate  XIII). 

Afjar. — The  organism  grows  most  luxuriantly  upon  5  per  cent  beer- 
wort-agar. On  slanting  wort-  and  glycerine-agar  there  develops  in  24 
hours  an  extensive,  grayish  or  yellowish-white  growth,  without  any  spe- 
cial characteristics  and  which  spreads  itself  over  the  surface  and,  espe- 
cially in  the  case  of  the  beer-wort-agar.  gradually  creeps  in  between  the 
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medium  aud  the  glass.  With  time  the  growth  becomes  perhaps  more 
purely  white;  it  remains  qiute  soft  and  smooth  on  the  surface.  In  from 
8  to  14  days  quite  abundant,  fluffy  and  feathery  masses  have  grown  down 
into  the  agar  from  the  under  surface  of  the  superficial  growth;  this  is 
more  marked  on  the  beer-wort-agar.  These  peculiar  feathery  or  downy 
outgrowths  are  roundish  or  cone-shaped,  the  large  ones  being  as  much 
as  3  mm.  in  diameter;  they  are  very  much  like  the  downgrowths  char- 
acteristic of  many  yarieties  of  ray  fungi. 

In  stab  cultures  the  surface  is  soon  covered  by  a  spreading,  slightly 
raised  smooth  layer.  The  growth  along  the  needle  track  becomes  quite 
thick  and  presents  irregular,  nodular,  sometimes  almost  polypoid  pro- 
tuberances, which  give  it  a  peculiar  twisted  appearance.  In  a  few  days 
this  knobby  trunk  presents  delicate  lateral  branches  springing  from  va- 
rious parts  of  the  circumference  and  passing  out  into  the  medium  at 
right  angles  to  the  stem,  after  the  fashion  of  the  branches  of  certain 
trees.  These  feathery,  often  extremely  fine,  lateral  outgrowths  resemble 
very  much  the  tree-like  branchings  of  stab  cultures  of  many  forms  of 
actinomyces. 

On  agar-agar  the  organism  produces  a  rather  light  yellowish-brown 
pigment,  which  smears  show  to  be  in  the  form  of  small  granules  that  occur 
about  and  upon  some  of  the  larger  clear  bodies.  This  property  of  pig- 
ment production  is  not  observed  upon  any  other  media  and  develops, 
to  a  moderate  degree,  on  transplantation  upon  plain  agar  from  whatso- 
ever other  medium  it  may  be,  but  it  is  not  absolutely  constant. 

Gelatin. — The  growth  on  gelatin  is  rather  scan*^v.  There  develop  a 
flat,  thin,  pearly  surface  layer  and  an  irregularly  granular  tapering 
growth  along  the  needle  track,  with  peculiar  lateral  outgrowths  consist- 
ing of  delicate  tufts,  straight  or  branching  threads  of  varying  length  and 
thickness;  some  of  the  threads  break  up  into  an  extremely  fine  terminal 
network  at  some  distance  from  the  main  stem.     Gelatin  is  not  liquefied. 

Serum. — On  Lolfler's  serum  the  growth  is  quite  extensive. 

Potato. — On  alkaline  potato  there  forms  in  24  hours  a  slight  yellow- 
ish-white, raised  growth  of  considerable  extent;  with  time  this  increases 
materially,  the  margins  being  rounded  and  irregularly  wavy.  On  acid 
potato  the  rate  of  groAvth  is  much  slower. 

Bouillon. — In  bouillon  there  forms  a  granular,  rather  coarse,  some- 
times a  little  stringy  sediment  and  gradually  small  granular  masses  ap- 
pear scattered  throughout  the  fluid,  which  at  first  is  quite  clear.  Some- 
times a  clear  film  develops  on  the  surface. 

Mill'. — Moderate  growth  occurs  in  milk,  without  any  change  in  reac- 
tion and  without  caseation. 
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Fcrnicnliilioii  Tests. — Tlio  ori:aiiisiii  <:i-u\vs  fairly  well  in  ilu'  ae-roliit' 
bull)  of  foniu'iitalioii-tiil)es  containiiiL;-  lactose-,  dextrose-,  and  sacclia- 
rose-l)ouillon,  made  from  suiiar-froe  l)onillon,  ])repared  aecordinp  to 
Theobald  Smith's  formula,*  ])ut  without  fermentation.  It  also  <fr(»\vs  to 
a  limited  extent  in  Pasteur's  tluid.     It  does  not  produce  indol. 

Beaclion  io  O.vi/ijeii. — The  organism  does  not  grow  in  Buchner's  jars. 

Temperature. — The  thermal  death-point  is  54°  C,  an  exposure  to  this 
temperature  for  two  minutes  killing  the  organism.  It  is  not  killed  by 
freezing;  cultures  exposed  to  a  temperature  just  above  zero  for  two  weeks 
and  then  frozen  solid  for  two  weeks,  on  inoculation  gave  rise  to  typical 
new  colonies. 

Relation  to  Potassium  Iodide  and  the  Pseiido-di phtheria  Bacillus. — The 
rajiid  improvement  of  the  local  lesion  under  the  use  of  iodide  of  potas- 
sium suggested  the  advisability  of  determining  the  effect  if  any  of  the 
presence  of  this  drug  in  the  media  inoculated.  It  was  found  that  a  1 
per  cent  iodide  of  potassium  bouillon  furnishes  just  as  favorable  a  me- 
diinn  for  the  growth  of  the  organism  as  ordinary  broth. 

It  also  occurred  to  us  that  possibly  the  mixed  infection  with  the  pseu- 
do-diphtheria bacillus  referred  to  might  play  some  role  in  the  rapid  heal- 
ing of  the  lesions.  The  blastomyces  was  found  to  grow  unhindered  in 
the  presence  of  the  bacillus  in  the  same  media;  it  develops  just  as  rapidly 
in  filtered  two  weeks*  old  bouillon  cultures  of  the  pseudo-diphtheria  ba- 
cillus as  in  the  ordinary  broths. 

Morpholof/i/. — The  size,  shape,  and  structure  of  the  organism  as  it  de- 
velops in  artificial  culture  vary  somewhat  in  the  different  media  and  with 
age.  Some  reference  to  this  variability  has  already  been  made  in  con- 
nection with  the  account  of  the  early  efforts  to  obtain  pure  cultures. 
Fresh  specimens  mounted  in  salt  solution,  from  the  culture  of  glycerine- 
agar,  show  a  highly  refractive  organism  with  a  doubly  contoin-ed  mem- 
brane. 

The  organism  is  not  destroyed  by  caustic  potash.  It  stains  readily 
with  the  common  aniline  solutions,  but  the  stain  is  rather  deep  and  in 
many  cases  too  diffuse  and  the  clearest  pictures  are  obtained  by  a  rather 
prolonged  staining — 15  to  30  min. — of  carefully  made  films  in  a  .5  per 
cent  solution  of  methylene-blue  and  then  washing  well  with  water.  The 
films  are  made  by  suspending  a  small  quantity  of  the  culture  in  a  drop 
of  physiological  salt  solution  or  of  distilled  water  and  drying.  This 
stain  brings  out  the  different  parts  of  the  cells  whereas  other  methods 
stain  diffusely. 

"^Journal  of  Experimental  Medicine,  IS'OT,  ii,  546. 
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Large  bodies,  such  as  seen  in  the  tissues  of  the  hand  as  well  as  in  those 
of  infected  animals,  are  not  constant  in  the  cultures.  However,  as  the 
organism  begins  to  grow  on  most  of  the  common  solid  media  and  under 
favorable  circumstances,  it  generally  presents  an  outer  well-defined  but 
thin  membrane,  which  is  separated  from  the  protoplasm  proper  by  a 
clear  and  transparent  zone.  The  size  varies  between  7  and  12  //.  The 
form  is  round  or  oval,  sometimes  polygonal  on  account  of  mutual  pres- 
sure. Budding  forms  are  very  frequent  and  occur  in  all  stages.  The 
process  of  budding  seems  to  begin  with  the  appearance  of  a  small  pro- 
jection of  the  endosporium,  which  pushes  the  transparent  zone  and  outer 
membrane  in  front  of  it;  very  soon  these  layers  enclose  the  new  bud 
fully  and  the  point  of  attachment  to  the  mother  cell  may  be  either  flat- 
tened or,  later,  drawn  out  into  a  slender  pedicle.  "When  the  buds  are 
small  it  is  not  always  possible  to  recognize  the  various  parts  mentioned. 
In  the  fairly  well  developed  bodies  the  endosporium  is  vacuolated  and. 
generally,  finely  granular;  not  rarely  some  of  the  granules  may  be  coarse, 
of  varying  size,  and  deeply  stained,  sometimes  producing  appearances 
tbat  resemble  the  presence  of  a  nucleus,  but  this  is  not  constant.  The 
vacuole,  which  may  be  large  or  small,  is  as  a  rule  centrally  located. 
Sometimes  there  is  no  vacuole;  this  is  generally  the  case  in  young,  small 
buds  and  newly  separated  bodies.  As  the  culture  becomes  older  the 
number  of  really  large  bodies  with  large  vacuoles  seems  gradually  to  in- 
crease; the  protoplasmic  granules,  which  also  become  larger,  are  then 
either  crowded  to  one  side  or  arranged  as  a  rim  around  the  vacuole;  in 
many  of  these  bodies  the  transparent  zone  is  no  longer  distinctly  recog- 
nizable. Such  large  bodies  are  surrounded  by  numerous  much'  smaller 
ones,  sometimes  vacuolated,  sometimes  not.  In  some  preparations  these 
bodies  seem  to  lie  in  a  gelatinous  material.  In  a  gh'cerine-agar  culture 
five  weeks  old  or  more  large  bodies  are  usually  quite  numerous.  In 
some  cultures  the  size  of  the  cells,  the  extent  of  vacuolation,  etc..  are 
quite  uniform,  in  others  rather  variable.  The  uniform  size,  regular  and 
cluiracteristic  form  and  large  vacuoles  of  the  cells  in  cultures  obtained 
from  an  extensive  and  richly  cellular  exudate  produced  by  inserting  a 
quantity  of  yeast-cells  into  the  anterior  chamber  of  a  rabbit's  eye  have 
persisted  unchanged  through  many  generations  grown  on  glycerine-agar. 

Large  bodies  with  huge  vacuoles  are  also  prone  to  form  in  cultures  on 
Loffler's  blood  serum  (Fig.  5.  Plate  XIII,  and  Figs.  6  and  7,  Plate  XIY). 

With  Gram's  stain  some  organisms  remain  deeply  and  diffusely  stained 
while  others  are  partly  decolorized,  frequently  showing,  however,  three 
or  more  deeply  colored  granules  at  or  upon  the  margins  of  the  bodies. 
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J)}'  means  of  stjiiiu'd  init  roscoiiic  scftiini,-  of  ihc  ,-tal»  ciiltiin's  in  >ilu- 
cose-agar  and  gelatine  it  is  readily  determined  that  the  peculiar  lateral 
outgrowths  and  branchings  observed  in  these  cultures  do  not  dejtend 
upon  the  formation  of  mycelium  but  are  composed  of  budding  round 
forms  only.  This  peculiar  way  of  growing  is  therefore  identical  with  the 
development  of  the  curious  club-shaped  colonies  in  the  gelatine  hanging 
drop. 

In  liquid  media,  especially  bouillon  and  Pasteur's  fluid,  as  well  as,  Ijut 
to  a  much  less  extent,  on  potato  and  other  solid  su])stance,  the  organism 
may  be  comparatively  small.  It  appears  that  the  buds  become  sepa- 
rated while  still  minute.  N"ot  rarely  a  parent  cell  is  found  surrounded 
by  a  number  of  minute  free  as  well  as  attached  buds,  many  of  which  are 
so  small  as  to  resemble  cocci.  Xow,  these  small  bodies,  which,  as  a  rule, 
stain  diffusely  and  homogeneously,  may  give  rise  to  succeeding  genera- 
tions of  small  organisms,  varying  in  size  from  1  to  5  //.  Repeated  bud- 
ding without  complete  separation  may  give  rise  to  chains  and  groups 
of  various  lengths  and  sizes.  Certain  parts  of  smear  preparations  from 
cultures  in  Pasteur's  fluid  and  bouillon  may  resemble  very  much  those 
of  a  medium-sized  micrococcus,  except  that  the  yeast  fungus  may  pre- 
sent rather  pronounced  variations  in  size  (Fig.  8,  Plate  XIV).  When  the 
minute  forms  cluster  closely  around  large,  vacuolated  bodies  the  flrst  im- 
pression that  it  concerns  a  mixed  culture  is  certainly  not  surprising. 

In  some  cultures  a  distinct  mycelium  develops.  This  is  most  notice- 
'able  in  Pasteur's  fluid  and  bouillon,  but  mycelioid  growth-forms  may 
occur  to  a  very  slight  degree  in  all  media,  e.  g.,  plain  agar.  The  forma- 
tion  of  mycelium  is  due  apparently  to  a  gradual  elongation  of  individual 
organisms  of  the  smaller  type,  resulting  in  the  early  stages  in  irregularly 
cylindrical-shaped  bodies  which  later  grow  out  into  either  curved  or  fairly 
straight,  rather  thick  rods  of  varying  lengths  or,  more  rarely,  form  long 
coiled  threads.  Buds  may  arise  from  any  part  of  the  mycelium  and 
they  may  be  sessile  or  pedimculated.  "When  buds  separate  from  the  ends 
of  a  rod  and  grow  in  length  or  when  all  the  members  in  a  chain  of  or- 
ganisms begin  to  elongate,  a  segmented  mycelium  is  formed;  the  appear- 
ance between  the  ends  of  two  segments  of  new  buds  which  also  grow 
out  long,  or  the  dislocation  of  a  segment  from  its  position  in  the  myce- 
lium, may  give  rise  to  quite  typical  false  ramifications.  The  cylindrical 
masses,  the  rods  and  threads  vary  in  thickness,  the  average  being  about  5 
mikrons.  For  the  most  part  the  substance  of  the  mycelium  is  solid  and 
dense,  staining  diffusely,  but  parts  occur  in  which  there  is  a  membrane 
enclosing  an  empty  space  containing  in  places  finer  or  coarser  granules 
(Fig.  9. Opiate  XV"). 
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Cultures  on  agar-agar  are  frequently  characterized  by  the  jDroduction 
of  a  granular,  yellowish -brown,  at  times  also  reddish,  pigment.  Here 
are  found  medium-sized  typical  bodies,  quite  a  few  oblong  and  elongated 
narrow,  diffusely  stained  forms  but  no  typical  mycelium,  and  also  a  con- 
siderable number  of  round  bodies  covered  and  surrounded  by  yellow  or 
yellowish-brown  pigment  granules  which  are  quite  uniform  in  size  (Fig. 
10.  Plate  XV).  There  is  no  pigment  about  the  long  forms.  In  the  early 
stages  of  pigment  formation  the  granules  appear  in  the  immediate  vi- 
cinity of  the  outer  capsule,  both  within  as  well  as  outside  it.  As  the 
amoitnt  of  pigment  about  an  organism  increases,  the  endosporium  dis- 
appears— a  fact  pointing  to  a  pigmentary  degeneration  of  these  bodies. 
The  rather  limited  growth  on  plain  agar  has  already  been  mentioned. 

Animal  Expekimexts. — 1.  A  minute  fragment  of  the  first  bit  of  skin 
was  inserted  into  the  peritoneal  cavity  of  a  guinea-pig,  which  died  a 
month  later,  greatly  emaciated.  There  were  no  changes  at  the  point  of 
inoculation  or  in  the  peritoneal  cavity,  cultures  from  the  small  amount  of 
clear  fluid  in  which  remained  sterile.  The  organs  contained  in  pure 
form  the  pseudo-diphtheria  bacillus,  previously  isolated  from  the  hand. 
The  liver  was  extensively  necrotic  and  cirrhotic,  but  these  changes  are 
attributable  to  the  bacillus  solely. 

2.  A  white  rat  was  inoculated  subcutaneously  with  1.5  cc.  of  a  bouil- 
lon culture.  A  small  local  abscess  formed.  The  animal  died  in  ten 
days.  The  abscess  cavity  contained  a  few  cc.  of  a  whitish-yellow  viscid- 
pus,  from  which  the  blastomyces  grew  in  pure  culture.  The  internal 
organs  were  sterile. 

Microscopic  examination  of  the  abscess  wall  shows  a  thin  capsule  of 
young  fibrous  tissue  covered  by  a  quite  thick  layer  of  pus  cells  and 
nuclear  detritus,  among  which  rather  small,  doubly  contoured,  circular 
bodies  resembling  blastomycetes  are  seen.  The  liver  contains  a  few 
minute  foci  of  typical  granulation  tissue  composed  of  plasma  cells,  endo- 
thelioid  cells,  small  giant  cells  and  polymorphonuclear  leucocytes,  but  it 
is  not  possible  to  find  any  typical  organisms  in  these  areas.  There  are 
quite  a  number  of  small,  similar  foci  in  the  lungs,  especially  around  the 
bronchi,  and  in  the  giant  cells  of  these  areas  occasional  rather  typical, 
round  bodies  are  observed.     The  other  organs  are  normal. 

3.  A  gray  mouse  died  five  days  after  receiving  1  cc.  of  a  bouillon  cul- 
ture subcutaneously.  The  abscess  which  had  formed  contained  the  or- 
ganism in  pure  culture,  while  the  internal  organs  were  normal. 

4.  A  medium-sized  rabbit  died  48  hours  after  subcutaneous  inocula- 
tion of  2.5  cc.  of  a  bouillon  culture.     Cultures  from  the  internal  organs 
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rniiaiiu'il  sterile.  TlnTe  \v;is  an  extensive  coccidiosis  of  the  liver.  There 
were  luiiiierous  minute  i"oei  in  the  lungs  composed  of  epithelioid  and 
giant  cells,  as  well  as  leucocytes  with  considerable  nuclear  degeneration. 
In  some  of  the  giaut  cells  were  circular  bodies  resembling  the  organism 
injected,  as  well  as  small,  round  bodies  that  stained  rather  diffusely  with 
methylene-blue,  presenting  a  faint  peripheral  transi)arent  zone.  (There 
is  no  record  of  the  condition  at  the  site  of  the  inoculation.) 

5.  A  white  rat  received  1.5  cc.  of  a  bouillon  culture.  Viscid,  yellow 
l)us  formed  about  the  point  of  inoculation  and  the  organism  was  re- 
t'laimed  in  pure  culture.  The  animal  died  five  days  after  the  injection. 
The  internal  organs  contained  the  Staphylococcus  albus. 

G.  A  gray  moiise  was  inoculated  subcutaneously  with  1  cc.  of  a  bouil- 
lon culture.  It  died  in  five  days.  The  small  abscess  that  had  formed 
contained  the  organisms,  as  well  as  Staphylococcus  albus;  the  latter  or- 
ganism was  present  in  all  the  internal  organs. 

7.  A  small  part  of  a  colony  on  agar  was  inserted  into  the  anterior 
chamber  of  the  left  eye  of  a  large  male  rabbit.  There  gradually  devel- 
oped a  hypopyon,  with  softening  and  threatened  destruction  of  the  cor- 
nea. The  animal  was  killed  after  two  weeks.  The  internal  organs,  mi- 
croscopically healthy.  The  anterior  chamber  filled  to  distention  with  a 
semisolid,  yellowish-gray  material,  which  when  spread  out  on  cover  slips 
and  treated  with  hydrate  of  potassium  contained  numerous  spherical 
bodies.  Inoculations  with  this  material  on  giycerine-agar  gives  a  rich 
and  pure  growth  of  the  blastomyces.  Cultures  from  other  organs  sterile. 
Sections  of  the  eye  show  the  anterior  chamber  to  be  filled  with  cellular 
detritus,  among  which  are  a  number  of  round,  deeply  stained  bodies  sur- 
rounded by  a  rather  faint  halo,  but  no  distinct  outer  membrane.  The 
lens  is  largely  softened  and  the  iris  is  the  seat  of  a  diffuse  cellular  infil- 
tration. The  iris  also  contains  rather  small,  deeply  stained,  round  bodies 
which  at  times  are  surrounded  by  minute,  hyaline-like  formations  that 
take  the  nieth5'lene-blue  stain  very  intensely. 

8.  A  small  bit  of  a  yeast  culture  on  glycerine-agar  was  inserted  into 
the  anterior  chamber  of  the  eye  of  a  large  white  rabbit.  The  anterior 
chamber  rapidly  filled  with  a  wdiite  exudate,  the  cornea  became  opaque, 
and  a  mucopurulent  conjunctivitis  developed  which  soon  ceased.  Three 
weeks  after  the  inoculation  the  cornea  had  become  quite  opaque  and 
vascularized,  and  the  anterior  chamber  contained  a  large,  roundish,  yel- 
low mass  which  has  since  slowly  enlarged.  At  present,  February  27, 
1899,  the  eye  is  of  about  normal  size,  apparently  blind,  and  the  yellow 
growth  does  not  show  any  signs  of  diminution.  The  rabbit  seems  to  be 
in  good  general  health. 
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9.  A  guinea-pig  received  1  ec.  of  a  bouillon  culture  in  the  abdomen. 
It  remained  well,  and  was  killed  five  weeks  later.  There  were  numer- 
ous small,  grayish-yelloAv,  translucent  areas  in  the  lungs;  the  other  or- 
gans were  healthy.  Cultures  from  all  the  internal  organs  remained 
sterile.  Microscopically  the  areas  in  the  lungs  consisted  of  foci  of  granu- 
lation tissue  without  any  giant  cells,  but  with  extensive  nuclear  frag- 
mentation. Only  a  few  round  bodies  were  to  be  found,  after  prolonged 
search  in  numerous  sections,  stained  with  methylene-blue,  as  well  as  by 
other  means. 

10."  A  white  rat  received  1  cc.  of  a  bouillon  culture  in  the  abdomen. 
It  died  thirty-four  days  later.  The  lungs  contained  pin-head  sized  and 
larger  areas  of  a  grayish,  rather  soft  appearance.  Smears  from  these, 
treated  with  caustic  potash,  showed  numerous  large,  round,  doubly  con- 
toured bodies.  The  microscopic  sections  showed  extensive  bronchopneu- 
monic  areas  of  an  inflammatory  tissue  with  marked  nuclear  fragmenta- 
tion and  quite  a  number  of  large  round  bodies,  which  stained  diffusely. 
(Unfortunately  no  cultures  were  made  in  this  case.) 

11.  A  medium-sized  rabbit  was  injected  with  0.5  cc.  of  a  bouillon  sus- 
pension through  the  ear  vein.  Considerable  swelling  resulted,  which 
healed  after  three  weeks  with  marked  deformity.  The  animal,  which 
seemed  well,  was  killed  37  days  later.  The  lungs  contained  a  few  small 
nodules;  the  liver  was  the  seat  of  a  marked  coccidiosis.  Cultures  from 
all  the  organs  remained  sterile.  Sections  from  the  lungs  show  miliary 
foci  of  young  granulation  tissue,  but  typical  blastomycetes  are  not  to  be 
found. 

12.  A  medium-sized  dog  was  injected  with  2  cc.  of  a  bouillon  suspen- 
sion into  the  peritoneal  cavity.  The  animal  remained  well  and  was  killed 
40  days  later.     All  the  organs  were  normal  and  sterile. 

13.  A  large  black  rabbit  received  into  the  circulation  4  cc.  of  a  bouil- 
lon suspension  of  a  culture  on  beer-wort-agar.  It  died  during  the  fol- 
lowing night.  The  lungs  were  oedematous.  the  thymus  ecchymotic,  the 
liver  swollen,  soft  and  mottled;  the  spleen  and  the  kidneys  appeared 
normal. 

Bacteriological  Examination. — Smears  from  the  various  organs  show 
numerous  clear,  round  bodies  not  destroyed  by  KOH;  they  are  most 
plentiful  in  the  smears  from  the  lungs  and  kidneys. 

Inoculation  from  the  various  organs  on  glycerine-agar  give  rise  to  nu- 
merous colonies  of  blastomyces,  most  numerous  in  the  tubes  from  the 
kidneys.  The  cultures  from  the  liver  and  spleen  also  contain  the  colon 
bacillus.  Only  one  colony  of  budding  fungi  developed  in  the  tube  from 
the  heart's  blood. 
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Histological  Examination. — The  lungs  are  extremely  congested  and  the 
capillaries  contain  manj'  polymorphonuclear  leucocytes;  in  the  alveolar 
walls  arc  numerous  small  foci  of  cell  accumulation  with  marked  nuclear 
fragmentation  and  quite  typical  blastomycetes  are  found  in  the  interior 
of  some  of  these  areas  of  necrosis;  the  alveoli  and  bronchi  contain  a 
finely  granular  material  in  which  lie  occasional  round  homogeneous 
bodies. 

The  liver  and  spleen  show  no  special  changes. 

The  kidneys  show  quite  extensive  changes  in  the  glomeruli,  consisting 
in  a  granular  disintegration  of  smaller  or  larger  portions  of  some  of  the 
capillary  tufts  and  of  a  more  or  less  pronounced  general  accumulation  of 
granular  detritus  in  the  subcapsular  space,  the  cells  in  the  lining  of  which 
are  generally  well  preserved.  The  epithelium  of  the  convoluted  tubules 
is  very  granular  and  the  lumen  is  filled  with  granular  material.  The 
vessels  are  generally  congested.  Lying  in  the  glomeruli,  the  intertubu- 
lar  vessels,  and  in  the  granular  material  are  a  few  oval  or  round  bodies 
about  as  large  as  a  red  blood  corpuscle,  which  stain  diffusely  with  the 
gentian-violet  of  Gram's  method. 

14.  Februar}^  15,  1899,  a  guinea-pig,  weighing  392  grammes,  received 
in  the  abdomen  12  cc.  of  a  bouillon  culture  of  the  blastomyces  heated  to 
59°  C.  for  1  hour.  It  became  rapidly  emaciated;  on  February  17  it 
weighed  340  grammes,  on  the  20th  285  grammes,  on  the  22nd  250 
grammes:  it  died  on  the  22nd.  There  was  marked  emaciation  but  no 
microscopic  lesions  in  any  of  the  organs  or  tissues;  cultures  from  the 
organs  and  from  the  heart's  blood  remained  sterile. 

The  organism  above  described  diffei-s  considerably  from  the  Blasto- 
myces dermatitidis  of  Gilchnst  and  Stokes,  which  so  far  is  the  only 
blastomyces  of  similar  origin  "with  which  to  make  comparisons. 
Hessler's  brief  description  in  his  preliminary  report  on  the  organism 
isolated  by  him  from  a  small  cutaneous  or  subcutaneous  abscess  only 
contained  a  few  general  statements.  Our  organism  grows  much  more 
rapidly  than  the  one  of  Gilchrist  and  Stokes,  the  formation  of  my- 
celium is  not  nearly  so  marked  as  in  their  cultures,  in  which  were  not 
seen  the  peculiar  down-  and  out-growths  and  lateral  branchings  nor 
the  pigment  formation  (on  agar-agar)  characteristic  of  the  blastomyces 
now  described.  Both  organisms  correspond,  however,  in  their  action 
on  gelatin,  which  is  not  liquefied,  in  the  non-production  of  indol,  and 
in  the  complete  absence  of  fennentation  of  various  sugars.     Moi'pho- 
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logically  they  are  also  quite  or  nearly  alike.  Gilchrist  and  Stokes 
make  no  mention  of  such  gi'eat  variability  in  the  size  as  observed  in 
our  organism. 

With  regard  to  the  j)athogenic  action  of  these  two  organisms  atten- 
tion may  be  called  to  the  great  similarity,  amounting  to  perfect 
identity,  in  the  histological  changes  produced  by- them  in  the  human 
skin.  The  marked  epithelial  hyperplasia,  the  diffuse  more  or  less 
chronic  inflammatory  processes  associated  with  the  fonnation  of  giant 
cells  'and  of  the  characteristic  miliary  abscesses  in  the  epithelium  and 
elsewhere  in  the  skin,  together  with  the  presence,  especially  in  the 
abscesses,  of  the  round,  double  contoured,  budding  organism,  consti- 
tute the  histological  picture  of  blastomycetic  dermatitis  as  now  under- 
stood. Gilchrist  and  Stokes  found  that  the  blastomyces  isolated  by 
them  would  produce  nodules  of  a  chronic  inflammatory  nature  when 
inoculated  into  the  dog,  horse,  sheejD,  and  guinea-pig,  whereas  white 
mice  and  rabbits  seemed  immune.  Our  organism  may  be  said  to  be 
pathogenic  to  rabbits,  guinea-pigs,  white  rats,  and  gray  mice.  It  is 
probably  harmless  to  the  dog,  as  far  as  can  be  judged  from  our 
intraperitoneal  inoculation  of  this  animal.*  Its  local  action  may  be 
characterized  as  necrotic  and  leucotactic,  associated  with  or  followed 
by  the  growth  of  an  inflammatoiy  granulation  tissue,  corresponding  in 
the  latter  respect  to  the  majority  of  the  pathogenic  yeasts  studied  by 
various  Italian  investigators,  by  Lydia  Rabinowitsch,  and  others. 
Its  general  action  may  be  regarded  as  slowly  toxic,  leading  after  a 
varying  length  of  time  to  death  from  marasmus,  and,  as  experiment 
Iso.  14  would  seem  to  show,  the  dead  cultures  possess  an  apparent 
marantic  effect.  It  coiTesponds  therefore  very  closely  to  those  varie- 
ties of  pathogenic  blastomycetes  which,  according  tO'  Casagrandi,*  pro- 

*  Since  writing  the  above,  the  following  experiment  has  been  made:  On 
March  22,  8  cc.  of  a  bouillon  suspension  of  blastomj^cetes  were  injected  into 
the  jugular  vein  of  a  small  dog,  which  died  greatly  emaciated  April  IT,  the 
autopsy  and  microscopic  examination  showing  minute  foci  of  granulation 
tissue  throughout  the  lungs  and  softened,  cellular  areas  with  yellowish 
contents  in  the  medullary  pyramids  of  the  kidneys.  The  blastomycetes  were 
recovered  in  pure  growth  and  in  large  numbers  from  the  lungs  and  the 
kidneys.  No  growth  of  any  kind  resulted  from  the  inoculation  on  glj'cerine- 
agar  and  blood  serum  of  1  cc.  of  the  heart's  blood. 

*  Ueber  die  pathogene  Wirkung  der  Blastomyceten,  Centralbl.  f.  Bakt., 
Abth.  I,  1898,  xxiv,  754. 
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duee  l«K-al  necrotic  or  suppurating'  foci  or  permanent  nodule.s  and  a 
fatal  marasmus.  It  can  probably  not  be  said  that  the  toxic  and 
marantic  eflFects  of  these  forms  of  blastomycetes  have  been  so  pro- 
nounced as  to  have  been  definitely  recognized  in  the  few  carefully 
observed  instances  of  human  blastomycetic  infection  so  far  recorded, 
but  certainly  the  marked  decline  in  weight  noted  by  Prof.  Hyde  in 
this  case  is  xcry  suggestive  of  this  ejffect  and  is  therefore  in  full  accord 
with  the  experimental  observations. 

That  certain  blastomycetes  may  produce  more  distinctly  suppurative 
changes  in  the  skin  and  also  elsewhere  in  man,  as  well  as  in  animals, 
has  been  clearly  shown  in  the  now  classical  case  of  Busse,*  by  Hessler's 
case,  and  in  the  experimental  study  of  the  (Question  of  suppuration 
from  yeasts  by  Xesczadimenko.f  In  connection  with  this,  reference 
may  also  be  made  to  the  instance  of  refractoiy  subcutaneous  abscesses 
caused  by  a  fungus  possibly  related  to  the  Sporotricha  described  by 
Schenck4 

To  return  to  the  consideration  of  the  blastomycetes  studied  by 
Gilchrfst  and  Stokes  and  by  me,  it  might  be  regarded  as  quite 
clearly  demonstrated  from  some  of  the  foregoing  considerations  that 
the  clinical  and  histological  pictures  of  blastomycetic  dermatitis,  which 
from  these  aspects  would  appear  as  a  distinct  entity,  may  be  produced 
by  organisms  which  differ  so  much  in  certain  cultural  and  pathogenic 
characteiistics  that  they  must  be  regarded  as  separate,  though  closely 
related,  varieties.  In  view  of  the  present  unsatisfactor}-  status  of 
classifi.cation  of  the  blastomycetes  it  is  desirable  to  refrain  from  becom- 
ing dognnatic.  CasagTandi,  for  instance,  found  it  quite  impossible  to 
classify  the  blastomycetes  upon  either  morphological  or  biological 
grounds  on  account  of  the  pronounced  variability  of  the  individual 
forms. 

*  The  dermatological  aspects  of  Busse's  case  have  been  fullj'  considered 
hj  Busche  in  an  article  entitled  "  Ueber  Hautblastomykose  "  {Terhandl.  d.  TI. 
Deutschcn  Dermatohjg.-Congresses).  Unfortunately  this  article  came  to  my 
notice  too  late  to  be  considered  at  this  time. 

t  Zur   Pathogenese   der   BlasTom^ceten,    Centralbl.   f.   Bakt.,  Abth.   I.    1899, 

XXV,    00. 

t  Bulletin  of  the  Johns  Hopkins  Hospital,  1898.  ix.  286. 
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DESCKIPTIOX  OF  PLATES  XII-XV. 
(Photographs  by  Dr.  W.  H.  Knap.) 
Plate  XII. 

Fig.  1.     A  miliary  abscess  in  the  epithelium  of  the  hand,  containing  in 
its  upper  half  a  group  of  three  organisms.     x220. 
Fig.  2.     The  three  organisms  in  Fig.  1,  more  highly  magnified.     xisOO. 

Plate  XIII. 

Fig.  3.     A  colony  of  the  organisms  on  glycerine-agar.     x250. 

Fig.  4.  The  organism  as  seen  in  a  hanging-drop  culture  of  bouillon. 
xlOOO. 

Fig.  5.  Vacuolated  and  solid  diffusely  stained  organisms  from  glycerine- 
agar  culture.     xlOOO. 

Plate  XIV. 

Fig.  6.     Budding  organisms.     Gentian-violet.     xiOOO. 

Fig.  7.  Large  vacuolated  and  small  solid  bodies  from  a  blood-serum 
culture  5  weeks  old.     xioOO. 

Fig.  8.     Chains  of  the  minute  form.     xioOO. 

Plate  XV. 

Fig.  9.  The  development  of  mycelium  with  sessile  and  pediculated  buds. 
XlOOO. 

Fig.  10.  The  development  of  pigment  granules  around  and  upon  some 
of  the  larger  cells  in  cultures  on  plain  agar.  Several  elongated  forms  are 
present.     xlQOO. 
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A  CASE  OF  IL'EMOCHROMATOSIS,— THE  RELATION  OF 
H.EMOCHROMATOSIS  TO  BRONZED  DIABETES. 

By  EUGENE  L.  OPIE,  yi.  D. 

{From  the  Pathological  Lahoratory  of  the  JoIdis  Iloiil-'niff  riiircrsifii  tnid  Tfoftpital.) 

"Widely  disseminated  pigmentation  of  the  organs  of  the  body  is  a 
conspicnons  phenomenon  and  at  antopsy  cannot  readily  be  overlooked. 
The  physiology  of  pigmentation  is  but  little  understood.  Pathologi- 
cal pigmentation  is  involyed  in  even  greater  obscurity.  For  this  reason 
the  following  ease  has  been  considered  worthy  of  study.  It  represents, 
I  believe,  an  intermediate  stage  between  two  conditions  which,  though 
rare,  have  elicited  much  discussion,  namely,  haemochromatosis  of  von 
Recklinghausen  and  the  bronzed  diabetes  of  Hanot  and  other  French 
wi'itei'S.  The  case  to  be  described  occuiTcd  in  the  practice  of  Dr. 
Thomas  Opie. 

Case. — Male;  white;  aged  55  years.  The  history  which  it  has  been 
possible  to  obtain  is  meagre.  The  individual,  though  never  very  robust, 
had  enjoyed  fairly  good  health.  There  was  no  history  of  alcoholic  ex- 
cess. He  was  married  and  had  several  children.  His  wife  was  healthy. 
For  several  months  he  had  resided  in  Puerto  Eico  and  initil  six  or  seven 
weeks  before  his  death  was  able  to  continue  his  work  of  surveying.  The 
onset  of  his  final  illness  occurred  with  symptoms  indicative  of  typhoid 
fever.  When  first  seen  two  weeks  later,  he  was  evidently  very  ill.  There 
was  elevation  of  temperature  and  rose-spots  were  present  upon  the  abdo- 
men. Deep  pigmentation  of  the  skin  attracted  immediate  attention, 
marked  universal  bronzing  suggesting  Addison's  disease.  Jaundice  was 
not  present.  The  nrine  at  no  time  during  the  period  of  observation 
contained  sugar.  The  first  examination  was  made  four  weeks  before 
death.  Three  days  before  death  the  urine  was  clear,  of  deep  amber  color 
and  contained  neither  sugar  nor  albumin.  The  reactions  of  bile  pig- 
ments were  not  obtained.  The  blood-serum  caused  the  agglutination  of 
the  t3'phoid  bacillus.     Death  occurred  with  increasing  weakness. 

Antopsy. — Performed   9   hours  after  death.     The  body.   170  cm.   in 
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length,  is  that  of  a  very  thin,  sparely  built  man.  The  skin  over  the 
entire  body  shows  deep  pigmentation  of  a  bronzed  metallic  hue.  most 
marked  upon  the  back  of  the  hands,  about  the  nipples,  and  upon  the 
penis,  where  just  above  the  corona  the  skin  has  a  deep  brown  color.  The 
conjunctivae  are  clear.  The  abdominal  wall  contains  a  small  amount  of 
deep  yelloAv  fat. 

Peritoneal  Cavity. — The  parietal  peritoneum,  as  well  as  that  of  the  in- 
testines, shows  a  varying  degree  of  bluish  discoloration.  The  appendix 
is  fixed  behind  the  cjecum  by  fibrous  adhesions.  The  enlarged  spleen 
is  adherent  to  the  diaphragm. 

Thorax. — The  lungs  are  free  from  adhesions  and  the  pleural  and  peri- 
cardial cavities  contain  no  excess  of  fluid. 

Heart. — Weight  280  grm.  The  muscle,  of  a  yellowish-brown  color,  is 
soft  and  flabby  in  texture.  The  intima  of  the  coronary  arteries  is  rough- 
ened by  a  few  yellow,  raised  patches. 

Lungs. — The  left  lung  is  everywhere  crepitant.  Upon  the  surface  of 
the  u])per  lobe  of  the  right  lung  are  seen  several  prominent  areas,  about 
2  cm.  across,  over  which  the  pleura  is  dulled.  The  tissue  below  is  firmly 
consolidated,  and  on  section  has  a  grayish-red,  finely  granular  surface. 
Several  larger  areas  of  similar  consolidation  are  present  in  the  lower  lobe. 
The  bronchi  are  intensely  injected. 

Liver. — Weight  22  TO  grm.  The  surface  is  of  a  deep  reddish -brown 
color  of  peculiar  character,  resembling  that  of  iron-rust.  The  surface 
of  the  left  lobe,  more  markedly  than  that  of  the  right,  is  superficially 
nodular  and  puckered,  presenting  in  moderate  degree  the  appearance 
of  a  hob-nail  liver.  On  section  islands  of  lighter  brown  parench3'ma, 
representing  one  or  several  lobules,  are  surrounded  by  fibrous  stroma  of 
a  deeper  brown  color.  Sparsely  scattered  are  opaque  yellowish-white 
areas,  often  1.5  mm.  across.  The  gall  bladder,  distended  by  thin  green 
bile,  measures  12  cm.  in  length. 

Spleen.- — ^ Weight  700  grm. — The  organ  is  soft  and  on  section  the  al- 
most difliuent  pulp  has  a  deep  red  color.  The  !Malpighian  bodies  are 
prominent. 

Stomach. — The  mucous  membrane  shows  everywhere  a  deep  greenish- 
black  discoloration,  evidently  not  due  to  post-mortem  change.  Along  the 
lesser  curvature  there  are  a  few  areas  of  relatively  normal  yellowish- 
white  appearance,  but  elsewhere  the  pigmentation  is  uniform. 

Intestine. — The  duodenimi  has  a  greenish-black  discoloration  almost 
equal  in  intensity  to  that  of  the  stomach.  This  pigmentation  is  not  imi- 
form,  and  upon  the  areas  of  lightest  color  are  seen  deeply  pigmented, 
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sliiilitlv  raised  nodules  nltout  I  iiini.  in  diameter.  Tlie  iriuiuim  is  less 
markedly  pigmented  than  the  (hiodenum.  while  the  ileinii  is  of  even 
lig-hter  color,  though  still  ])reserving  a  greenish-gray  tint.  Througliout 
the  lower  portion  of  the  ileum,  tor  the  most  part  upon  the  Peyei-'s  ])atches, 
are  small  round  or  slightly  irregular  ulcers  with  sharp  edges  and  clean 
base,  in  which  are  occasionally  seen  exposed  fihres  of  the  circular  mu.scle 
coat.  Ulceration  is  most  extensive  immediately  above  the  ileo-caacal 
valve.  The  colon  exhibits  moderate  greenish-gray  discoloration.  The 
distal  1.5  cm.  of  the  appendix  is  obliterated. 

Pancreas. — Weight  170  grm.  The  organ  is  of  large  size,  measuring 
16  cm.  in  length,  and  is  very  firm  in  consistence.  On  section  the  cut 
surface  has  a  uniform  deep  chocolate-brown  color.  The  capsule  contains 
much  fat,  and  extending  inward  from  it  are  septa  of  adipose  and  fil)rous 
tissue. 

Adrenals. — Combined  weight  10  grm.     No  abnormality  is  observable. 

Kidneys. — Combined  weight  470  grm.  The  capsule  on  removal  leaves 
a  smooth  surface.  The  cortex  of  an  average  thickness  of  7  mm.  has  a 
red  cloudy  appearance. 

Bladder. — Mucous  membrane  is  normal. 

Testicles. — The  cut  surface  has  a  light  brown  tint.  The  prostate  and 
seminal  vesicles  are  normal. 

Li/mphatic  Glands. — In  the  retroperitoneal  tissue  near  the  hepatic 
vein,  behind  the  stomach,  above  and  below  the  pancreas,  and  on  either 
side  of  the  aorta  as  low  down  as  its  bifurcation,  are  enlarged,  moderately 
firm  Ij-mphatic  glands.  On  section  they  have  a  uniform,  brilliant  orange- 
yellow  surface.  In  the  gastro-hepatic  omentum  are  enlarged  glands  of  a 
similar  nature. 

CvUvres. — From  the  heart's  blood  the  typhoid  bacillus  was  obtained 
in  pure  culture.  The  same  organism  was  obtained  from  the  liver,  gall 
bladder,  and  kidney.  The  Bacillus  lactis  aerogenes  was  found  in  the  lung 
and  kidnev.  The  colon  bacillus  was  gi'own  from  the  pancreas.  A  cul- 
ture from  the  spleen  remained  sterile. 

Anatomical  Diagnosis. — Typhoid  fever:  ulcers  in  the  ileum;  acute 
splenic  tumor;  cloudy  degeneration  of  the  kidneys;  broncho-pneumonia. 
Haemochromatosis:  pigmentation  of  the  liver,  pancreas,  heart,  stomach, 
intestine,  peritoneimi.  lymphatic  glands,  skin  and  testicles.  Cirrhosis  of 
the  liver.     Chronic  interstitial  pancreatitis. 

Histological  Examixatio^-. — The  organs  which  show  the  most 
marked  pigmentation  are  the  liver,  pancreas,  heart  and  gastro-intestinal 
canal. 
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Liver. — Advanced  cirrhosis  is  indicated  by  tlie  presence  of  wide  bands 
of  fibrous  tissue,  occupying  one-half  to  one-third  of  the  area  of  the  cut 
surface  and  separating  the  parenchyma  into  inlands  which  represent  one 
or  several  liver  lobules.  These  septa,  which  are  densely  fibrous  and  in 
general  poor  in  cells,  surround  both  the  portal  spaces  and  the  snblobular 
veins.  There  is  but  little  invasion  of  the  periphery  of  the  lobule  by 
fibrous  strands,  but  surrounding  the  central  vein  a  mass  of  tissue  pene- 
trates the  lobule  and  sends  out  irregular,  radiating  projections  along  the 
capillaries  between  the  columns  of  liver  cells.  The  most  conspicuous 
feature  of  the  histological  picture  is  the  immense  amount  of  yellowish- 
brown  pigment  present,  both  in  the  parenchyma  and  in  the  interstitial 
tissue.  In  the  liver  cells  the  pigment  is  found  in  varying  quantities. 
When  in  moderate  amount,  it  is  situated  in  that  part  of  the  cell  most 
distant  from  the  capillaries,  consequently  occupying  the  central  part  of 
of  the  columns  of  liver  cells.  The  pigment  is  deposited  in  the  form  of 
brilliant,  brownish-yellow,  relatively  coarse  granules,  round  or  polygonal 
in  outline,  and  of  slightly  variable  size.  The  endothelial  cells  of  the 
capillaries  and  Klipffer's  cells  contain  granules  of  similar  character. 
The  accumulation  of  pigment  in  the  newly  formed  fibrous  tissue  is  even 
greater  than  that  within  the  parenchyma.  Here  it  exists  in  part  as 
fine  granules  within  spindle-shaped  cells,  of  which  some  are  apparently 
fibrous  tissue  cells,  while  others  represent  the  endothelial  lining  of 
capillaries  or  lymphatics.  The  greater  quantity  of  the  pigment  is,  how- 
ever, not  contained  in  cells.  While  this  extracellular  pigment  is  of  the 
same  yellowish-brown  color  as  that  abundant  in  the  cell,  the  individual 
particles  vary  greatly  in  size,  globules  being  often  found  whose  diameter 
is  two  or  three  times  that  of  a  red  corpuscle.  These  pigment  particles 
are  as  a  rule  collected  into  small  clumps  and  between  the  clumps  are  at 
times  small  round  cells. 

The  hepatic  cells  which  contain  a  moderate  amount  of  pigment  are 
in  general  normal  in  appearance.  In  specimens  stained  with  methylene- 
blue  the  cell  protoplasm  is  found  to  contain  in  great  abundance  granules 
of  varying  size  and  shape  taking  a  deep  blue  stain.  Usually  they  are  an- 
gular, but  often  are  rod-shaped  and  resemble  bacilli.  A  few  cells  con- 
taining fat  droplets  are  occasionally  seen  at  the  periphery  of  the  lobule. 
When,  with  increased  accumulation  of  pigment,  granules  occupy  all  por- 
tions of  tlie  cell  body,  basal  as  well  as  central,  changes  in  the  cell  are 
demonstrable.  The  nucleus  often  presents  evidence  of  degeneration. 
It  is  smaller,  irregular  in  outline,  Avith  less  nuclear  material  present, 
so  that  it  remains  as  a  pale  shrivelled  body,  visible  in  some  cases  only 
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^vitll  careful  focusing  of  the  iiiit  roscojic  (Jther  masses  of  pigment 
granules  maintaining  the  outline  of  liver  cells  contain  no  nucleus.  Rep- 
resenting apparently  the  final  stage  of  cell  disintegration,  a  mass  of  pig- 
ment granules  is  found  free  in  the  tissue.  No  longer  presenting  the 
outline  of  a  cell,  it  corresponds  in  size  with  the  pigment  accumulations 
found  in  those  cells  which  are  most  intensely  impregnated.  Conspicu- 
ous in  stained  sections  are  groups  of  pigment  masses,  which,  for  the  most 
part  maintaining  coll  outlines,  represent  often  ten  or  twenty  cells  and 
stand  out  as  pigment  islands  in  sharp  contrast  to  the  well-stained  liver 
■cells  adjacent. 

In  those  cells  whose  protoplasm  is  almost  wholly  replaced  hy  pigment 
much  irregularity  in  the  size  of  the  granules  is  observable.  Globules 
often  the  size  of  red  corpuscles  are  found.  With  further  evidence  of 
cell  degeneration  the  size  of  the  globules  increases,  so  that,  when  final 
disintegration  takes  place,  there  is  liberated  a  mass  of  granules  and 
globules  resembling  those  found  in  great  abundance  in  the  fibrous  tis- 
sue. Along  the  central  .vein  and  following  the  strands  of  tissue  radiat- 
ing from  it  are  seen  masses  of  pigment  whose  location  indicates  that  they 
are  transported,  presumably  along  lymphatic  spaces,  from  the  interior  of 
the  lobule  toward  the  central  vein.  Abundant  accumulation  of  pigment 
exists  in  all  parts  of  the  interlobular  tissue,  both  along  the  course  of  the 
sublobular  veins  and  in  the  tissue  about  the  portal  spaces. 

The  adventitia  and  media  of  the  hepatic  artery  and  portal  vein  con- 
tain but  little  of  the  brownish-yellow  pigment.  The  endothelial  cells 
of  the  portal  vein,  however,  contain  a  moderate  amount,  and  within  the 
lumen  are  seen  large  flat  oval  cells  containing  pigment  granules.  It 
seems  probable  that  the  majority  of  these  at  least  are  endothelial  cells, 
which  after  death,  possibly  in  the  process  of  hardening  or  cutting,  have 
l)een  dislodged  from  their  normal  position.  The  brownish-yellow  pig- 
ment is  not  present  in  the  endothelium  of  the  hepatic  arteries  and  in 
their  lumen  no  pigment-containing  cells  are  seen.  Pigment  is  more 
abundant  in  the  wall  of  the  sublobular  veins.  Their  endothelial  cells 
contain  it  in  abundance  and  within  their  lumen  are  pigmented  cells 
resembling  those  found  in  the  portal  vein. 

Newly  formed  bile-ducts  are  numerous  in  the  interstitial  tissue.  Oc- 
casionally in  the  tissue  about  the  central  vein  one  sees  several  such  struc- 
tures represented  by  parallel  rows  of  cubical  cells.  These  ducts  con- 
tain the  brownish-yellow  granules  in  moderate  amount.  The  epithelial 
■cells  of  the  larger  ducts  contain  similar  pigment. 

The  brownish-yellow  pigment,  whose  location  has  been  described,  gives 
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the  microchemical  reactions  characteristic  of  iron.  Treated  with  potas- 
sium ferrocyanide  and  hydrochloric  acid  it  takes  a  green  color.  Aqueous 
solution  of  ha?matoxYlin  gives  it  a  deep  black.  The  reaction  with  po- 
tassium ferrocyanide  and  hydrochloric  acid  varies  with  the  time  of  ex- 
posure and  with  the  strength  of  the  reagents.  If  sections  are  immersed 
for  an  hour  to  an  hour  and  a  half  in  equal  parts  of  a  two  per  cent  solution 
of  potassium  ferrocyanide  and  hydrochloric  acid,  one  part  to  a  lumdred 
parts  of  water,  all  the  granules  within  the  liver  cells  assume  a  green 
color. 

There  is  present  a  second  less  conspicuous  variety  of  pigment  differing 
from  that  already  described  both  in  situation  and  in  morphology.  In 
certain  cells  in  the  media  and  adventitia  of  both  veins  and  arteries  are 
deposited  fine,  pale  yellow  granules  of  almost  uniform  size.  Some  of  the  • 
cells  containing  this  pigment  are  elongated  and  spindle-shaped  with  rod- 
like nuclei,  while  others  are  large,  irregular  in  shape,  and  provided  with 
irregular  processes.  The  first  are  apparently  smooth  muscle  cells,  the 
second  connective-tissue  cells.  The  latter  are 'abundant  in  the  walls  of 
the  ducts,  in  the  tissue  about  nerves,  in  the  intervening  tissue  of  the 
portal  space  and  as  a  conspicuous  layer  in  the  liver  capsule  a  short  dis- 
tance below  the  serosa.  The  pigment  in  these  cells  does  not  give  the 
microchemical  reactions  characteristic  of  iron,  being  unchanged  by  po- 
tassium ferrocyanide  and  hydrochloric  acid.  In  sections  stained  witli 
methylene-blue  these  granules  take  a  blue,  often  bluish -black  color,  and 
become  very  conspicuous.     This  fact  was  observed  by  Buss  (8). 

Areas  of  focal  necrosis  referable  to  typhoid  fever  are  present.  They 
may  represent  either  a  small  number  of  necrotic  cells  or  a  considerable 
portion  of  a  lobule. 

Pancreas. — Chronic  interstitial  inflammation  is  present.  Bands  of  fib- 
rous tissue  separate  the  lobules  which  often  stand  out  as  isolated  islands 
of  parenchyma.  Although  the  most  marked  increase  of  fibrous  tissue  is 
interlobular,  there  is  here  and  there  an  invasion  of  fibrous  strands  be- 
tween the  acini.  Pigment  giving  the  reactions  of  iron  is  deposited  in 
great  quantity  within  the  secreting  cells  and  is  located,  when  moderate 
in  amount,  in  that  portion  of  the  cell  directed  toward  the  lumen  of  the 
acinus — with  greater  accumulation  all  parts  of  the  cell  body  are  occu- 
pied and.  as  in  the  liver  cells,  globules  of  large  size  are  then  seen.  Such 
a  cell  may  have  a  palely  staining  nucleus  of  irregular  outline  or  a  nucleus 
may  not  be  demonstrable.  In  the  interstitial  tissue  the  pigment  is  for 
the  most  part  in  groups  of  granules  and  large  globules,  varying  much  in 
size.     These  are  apparently  masses  of  pigment  set  free  by  the  disinte- 
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•rration  ol"  cells.  About  sueli  })igment  round  cells  are  ollen  numerous, 
n^nient  is  freciuently  abundant  in  the  cells  composing  the  intertubular 
eell-«:roups  or  islands  of  Langerhans.  These  structures  are  present  in 
uuxleiate  number.  They  have  not  as  a  rule  their  usual  ]>osilion  within 
the  lol)ule.  being  surrounded  by  fibrous  tissue,  which  may  contain  much 
])ignient.  At  times  there  is  an  increase  of  fibrous  tissue  along  the  ca]»il- 
laries  j^enetrating  them.  Here  and  there  in  sections  are  seen  areas  which 
]iresent  a  peculiar  appearance.  The  cells  of  one  or  several  lobules  or  a 
part  of  a  lobule  have  lost  the  alveolar  arrangement  characteristic  of  the 
])ancreatic  parenchyma.  At  first  sight  it  may  be  supposed  that  tliis 
disturbance  of  the  usual  structure  is  artificial  in  origin,  produced  pos- 
sibly in  cutting  the  section,  but  it  has  been  observed  in  tissues  hardened 
by  a  variety  of  methods  and  cut  after  embedding  in  both  paraffin  and 
celloidin.  Moreover,  the  cells  of  such  areas  differ  from  those  of  the  sur- 
rounding gland  tissue.  They  are  smaller,  polygonal  in  shape.  Their 
nucleus  is  often  smaller  and  contains  more  chromatic  substance  than 
those  adjacent.  A  conspicuous  feature  is  the  abundance  of  cells  contain- 
ing two  nuclei  and  at  times  three  or  even  four  are  seen  in  the  same  cell. 
Mitotic  figures  have  not  been  observed.  The  significance  of  these  areas 
is  doubtful;  it  is  possible  that  they  are  the  seat  of  cell  proliferation  and 
may  bear  some  relation  to  the  increased  size  of  the  organ. 

Finely  granular  iron-free  pigment,  like  that  found  in  the  walls  of 
the  hepatic  blood-vessel,  is  present  also  within  cells  of  the  same  char- 
acter in  the  walls  of  the  veins  and  arteries  of  the  pancreas.  Pigment  of 
identical  characteristics  is  found  in  the  walls  of  the  larger  ducts. 

Heart. — Well-marked  fragmentation  and  segmentation  of  the  myocar- 
dinm  is  present.  Brownish-yellow  pigment  is  deposited  in  great  quantity 
within  the  muscle  fibres.  It  has  the  location  of  that  which  is  present 
with  brown  atrophy  of  the  organ  and,  when  moderate  in  amount,  is  ac- 
cmnulated  in  the  neighborhood  of  the  nucleus.  All  the  pigment  present 
does  not  give  the  reactions  of  iron,  and  in  specimens  treated  with  ferro- 
cyanide  of  potassium  or  with  aqueous  hsemotoxylin  a  considerable 
amount  of  unchanged  pigment  remains.  In  sections  of  heart  muscle 
treated  with  methylene-blue  none  of  the  pigment  within  the  muscle 
cells  takes  the  blue  color  observed  when  the  iron-free  pigment  of  the 
walls  of  the  hepatic  blood-vessels  is  so  treated.  This  pigment. is  appar- 
ently that  which  is  found  normally  in  the  muscle  fibre  and  is  increased 
in  tke  condition  of  bro^\^l  atrophy.  The  pigment,  remaining  unchanged 
after  treatment  with  reagents  w'hich  demonstrate  iron,  is  greater  in 
amount    than    that    normally    present    in    the    muscle    fibres.     In    the 
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interstitial  tissue  are  seen  here  and  tliere  groups  of  globules  of  iron-con- 
taining pigment  similar  to  those  found  free  in  the  tissues  elsewhere. 
The  walls  of  the  blood-vessels  contain  iron-free  pigment  staining  with 
methylene-blue. 

G astro-Intestinal  Tract. — The  pigmentation  of  the  stomach  and  intes- 
tine differs  from  that  of  the  organs  previously  considered.  Here  the 
l^ale  yellow,  iron-free  pigment  predominates  and  gives  microscopic  dis- 
coloration to  the  organ.  Brownish-yellow,  iron-containing  pigment  is 
fairly  abundant  in  the  epithelial  cells  of  the  cardiac  glands  and  is 
present  in  very  small  amount  in  the  cells  of  the  pyloric  glands,  while  an 
occasional  clump  of  granules  is  seen  free  in  the  tissue.  The  iron-free 
granules  are  in  cells  which  have  usually  the  character  of  smooth  muscle 
fibres,  although  a  few  are  apparently  connective-tissue  corpuscles  situ- 
ated between  the  muscle  fibres  or  in  the  submucosa.  The  distribution 
of  the  pigmented  cells  varies  in  different  parts  of  the  gastro-intestinal 
tract.  Throughout  the  stomach  the  muscularis  mucosse  is  pigmented.  In 
the  cardiac  portion  the  circular  and  longitudinal  layers  are  not  so 
affected,  while  in  the  pyloric  region  there  is  in  the  circular  muscle  layer 
a  conspicuous  zone  of  pigmentation  immediately  below  the  submucous 
tissue.  The  walls  of  the  arteries  and  veins  of  the  submucosa  contain 
pigment  of  the  same  nature.  Throughout  the  small  intestine  iron-free 
granules  are  found  in  the  cells  of  the  muscularis  mucosae.  A  small 
amount  of  pigment  is  present  in  the  circular  muscle  layer,  but  does  not 
form  the  zone  present  in  the  pyloric  portion  of  the  stomach.  In  all 
parts  of  the  small  intestine  pigment  is  most  abundant  in  the  cells  of  the 
longitudinal  layer.  The  vessels  of  the  submucosa  contain  numerous 
pigmented  cells.  Less  pigment  is  present  in  the  ileum  than  in  the 
jejunum,  while  in  the  colon  it  is  found  in  still  smaller  quantity,  though 
it  has  the  same  location  as  elsewhere.  The  epithelium  of  the  Brunner's 
glands  of  the  duodenum  are  conspicuously  impregnated  with  iron-con- 
taining pigment,  the  protoplasm  of  the  cells  being  almost  completely 
replaced  by  pigment  granules. 

Lymphatic  Glands. — Several  lymph  glands  were  examined.  One  of 
these  was  situated  beside  the  inferior  vena  cava  where  it  receives  the 
hepatic  vein.  Lymphatic  tissue  is  almost  wholly  replaced  by  masses  of 
brownish-yellow  pigment  giving  the  reactions  of  iron,  so  that  the  organ 
is  i^ractically  a  mass  of  pigment  surroimded  by  a  thickened  capsule  and 
^lenetrated ,  by  thickened  fibrous  septa.  Among  the  pigment  granules 
are  scattered  lymphoid  cells,  small  groups  remaining  here  and  there. 
The  pigment  lying  within  the  meshes  of  the  reticulum  is  almost  wholh- 
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cxtraeel hilar,  being  in  the  I'orm  of  particles  which  vary  greatly  in  size 
and  resemble  the  extracellular  pigment  in  the  interstitial  tissue  of  the 
liver,  pancreas  and  heart.  It  is  apparently  carried  to  these  lymphatic 
glands  along  lynii)hatic  channels  in  the  same  way  that  coal  pigment  is 
carried  from  the  lung  to  the  bronchial  glands.  An  occasional  fixed  tis- 
sue cell  containing  brownish-yellow  granules  is  observed.  In  the  smooth 
muscle  and  connective-tissue  cells  of  the  blood-vessels  and  in  connective- 
tissue  corpuscles  of  the  capsule  iron-free  granules  are  found. 

Spleen. — The  great  engorgement  of  the  blood-vessels  and  conscqnent 
tumefaction  explain  the  fact  that  in  spite  of  an  abundant  pigment  de- 
posit there  is  not  the  macroscopic  pigmentation  observed  in  other  organs. 
Iron-containing  granules  are  present  in  the  branched  reticular  cells  of 
the  pulp  and  in  the  endothelial  cells  of  the  capillaries.  Indeed  the  cap- 
illaries on  cross-section  often  form  conspicuous  rings  of  pigment-con- 
taining cells.  In  less  quantity  round  and  oval  pulp  cells  contain  brown- 
ish-yellow granules.  In  the  Malpighian  bodies  pigment  is  almost 
entirely  absent,  and  when  found  occurs  in  clumps  of  irregular  extra- 
cellular globules,  resembling  those  so  abundant  in  the  Ij^mphatic  glands. 
Iron-free  pigment  is  not  abundant,  but  is  found  occasionally  in  the 
elongated  connective-tissue  cells  of  the  trabecule. 

Adrenal. — Pigmentation  is  almost  wholly  limited  to  the  so-called 
glomerular  zone,  which  forms  a  sharply  defined  corona  of  brownish-yellow 
color  immediately  below  the  capsule.  When  moderate  in  amount,  the 
pigment,  which  gives  the  characteristic  reactions  of  iron,  is  situated  in 
that  portion  of  the  cell  most  distant  from  the  capillaries,  but  as  a  rule  it 
is  present  in  such  quantity  that  all  portions  of  the  cell  body  are  occupied. 
Degenerative  cell  changes  similar  to  those  observed  in  the  liver  and  pan- 
creas are  associated  with  the  accumulation  of  pigment.  The  capsule  in 
places  is  very  slightly  thickened  and  cellular,  and  contains  globules 
of  pigment,  apparently  set  free  by  the  disintegration  of  parenchyma  cells. 
In  the  cell  columns  there  is  here  and  there  a  deposit  of  pigment  granules. 

Kidney. — Pigment  is  present  in  very  small  quantity  and  is  limited  to 
an  occasional  tubule  or  glomerulus.  Here  and  there  the  epithelial  cells 
of  a  convoluted  tubule  contain  pigment  gi-anules  in  great  quantity  and 
differ  from  those  of  neighboring  tubules  in  being  of  smaller  size  and 
more  cubical.  The  glomeruli  often  contain  pigment  granules  located 
apparently  in  the  epithelial  cells  and  occasionally  there  is  a  similar  de- 
posit in  the  loop  of  Henle.  The  blood-vessels  differ  from  those  of  the 
organs  more  impregnated  with  iron  in  containing  almost  no  iron-free 
pigment.  An  occasional  cell  thus  pigmented  can  be  seen,  but  search  is 
Tequired  for  its  demonstration. 
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Lung. — Pigment  is  scant.  Occasionally  within  the  alveolar  septa  are 
foimd  yellowish-brown  granules  resembling  the  iron-containing  granules 
in  other  situations.  At  times  they  completely  fill  an  oval  cell  with  an 
oval  nucleus,  while  again  they  are  extracellular.  In  many  instances  it 
is  evident  that  these  cells  or  free  masses  lie  within  the  lumen  of  capil- 
laries. Pigment-containing  cells  of  a  similar  nature  are  seen  in  the 
larger  vessels  and  it  is  not  inconceivable  that  in  part  at  least  they  are 
endothelial  cells  of  the  liver  or  other  organ,  which,  injured  by  pigment 
accumulation,  have  been  dislodged  from  their  position.  Within  the 
lumen  of  the  larger  vessels  pigment  granules  are  occasionally  seen  in 
round  mononuclear  cells  very  slightly  larger  than  polymorphonuclear 
leucocytes.  Iron-free  pigment  is  not  found  in  the  walls  of  the  blood- 
vessels. 

Skin. — In  the  lowermost  cells  of  the  ]\Ialpighian  layer  there  is  a  well- 
marked  increase  of  the  normal  pigmentation.  The  granules  here  found 
do  not  give  the  reactions  of  iron  nor  do  they  stain  with  methylene-blue. 
In  the  cells  of  the  sweat  glands  are  occasionally  found  iron-containing 
granules  in  small  number  and  between  the  tubules  are  connective-tissue 
cells  containing  similar  pigment.  Iron-free  pigment  is  found  in  very 
small  amount  in  the  walls  of  blood-vessels  of  the  subcutaneous  tissue. 
]!^either  pigment  granules  nor  pigment-containing  cells  are  found  -within 
the  lumen  of  the  blood-vessels. 

Testicle. — The  cells  of  the  seminiferous  tubules  contain  no  pigment. 
Along  the  vessels  in  the  angular  interstices  betAveen  the  tubules  are  con- 
spicuous groups  of  polygonal  and  oval  cells  completely  filled  with  yellow 
granules,  appareritly  the  so-called  interstitial  cells,  which  normally  con- 
tain a  small  amount  of  pigment.  The  endothelial  cells  of  the  vessels 
also  contain  conspicuous  granules.  The  pigment  of  the  interstitial  cells 
remains  unchanged  after  treatment  with  potassium  ferrocyanide  and  hy- 
drochloric acid,  while  that  of  the  adjacent  endothelium  gives  the  char- 
acteristic reaction  of  iron. 

Under  the  designation  *'  hreniochromatosis  "  von  Recklinghausen 
(1)  in  1889  described  a  condition  of  pigmentation  affecting  various 
organs.  Brown  pigment,  Avhicli  he  thinks  is  derived  from  the  hsemo- 
globin  of  the  blood,  is  deposited  within  certain  tissues  and  gives  to 
them  macroscopic  pigmentation.  Cases  of  intense  widespread  pig- 
mentation had  previously  been  described  by  Quincke  (2),  Tillmanns 
(3)  and  Hindenlang  (4).     Cases  of  similar  pigmentation,  associated 
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with  diabetes  and  cirrhosis  of  the  hver,  had  been  described  by  Hanot 
and  other  Frencli  writers. 

The  anatomical  ]iiciure  of  generalized  pigmentation  drawn  by  v. 
UeckHnghansen  is  very  clearly  defined.  Most  of  the  glands  of  the 
body  have  a  deep  brown  color  and  wdthin  their  secreting  cells  are 
found  reddish-yellow  or  ochre-colored  granules.  In  the  liver  this  pig- 
nu>nt  is  present  in  the  parenchyma  cells  and  in  Klipifer's  cells. 
Microehemical  reactions  prove  that  it  contains  iron.  A  second  kind 
of  pigment,  distinguishable  from  the  first  by  the  occurrence  in  finer 
granules  of  pure  yellow  color,  is  found  in  the  smooth  ninscle  cells  of 
the  stomach  and  intestines,  of  the  blood-  and  lymph-vessels,  rarely  in 
those  of  the  urinary  bladder,  ureters,  and  vas  deferens.  It  also  exists 
in  the  connective-tissue  cells  of  certain  localities,  for  example,  Glis- 
son's  capsule,  the  sj)lenic  trabeculae,  and  the  sheaths  of  blood-vessels. 
This  pigment  does  not  give  the  reactions  characteristic  of  iron.  v. 
Eecldinghausen  calls  the  iron-containing  pigment  "  htemosiderin,"  the 
iron-free  pigment  "  haemofuscin."  The  use  of  these  names  does  not 
necessarily  imply  that  we  have  any  means  of  identifying  these  sub- 
stances as  definite  chemical  compounds  or  that  "^ve  can  recognize  them 
"when  they  occur  in  other  situations. 

Von  Recklinghausen  thinks  that  the  haemofuscin  as  well  as  the  iron- 
containing  ha^mosidenn  is  derived  from  the  hiemoglobin.  In  his  cases 
of  generalized  pigmentation  there  w^as  an  associated  cirrhosis  of  the 
liver. 

Von  Recklinghausen  studied  twelve  cases  wdiich  he  regards  as  ex- 
amples of  local  and  general  hsemochromatosis.  Haemochromatosis  he 
apparently  defines  as  a  condition  of  pathological  pigmentation  due  to 
the  deposition  of  pigment  derived  from  the  blood.  Such  a  definition 
includes  a  variety  of  dissimilar  forms  of  pigTaent  deposit;  brown 
atrophy  of  the  heart,  for  example,  fulfills  its  conditions,  since,  as  is 
believed,  the  ultimate  origin  of  the  pigment  there  found  is  the  hgemo- 
globin  of  the  blood.  Xevertheless  it  evidently  has  but  little  in  com- 
mon with  the  general  hiemochromatoses  already  described.  There  is 
however,  a  local  condition  which  has  been  associated  with  haemochro- 
matosis by  several  oliservers.    I  refer  to  pigmentation  of  the  intestine 
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caused  by  deposition  of  fine  yellow  granules  in  the  smooth  muscle 
cells.  Goebel  (5)  has  made  a  careful  study  of  this  fonn  of  pigmenta- 
tion. In  adults  a  moderate  degree  is  almost  constant.  The  amoimt 
of  pigment  present  bears  a  relationship  to  the  age  of  the  individual,  so 
that  with  increasing  age  there  is  an  increased  pigment  deposition. 
Other  influences,  however,  may  play  an  important  part  in  producing 
the  condition.  With  wasting  diseases,  for  example  tuberculosis  and 
carcinomatosis,  there  may  be  an  accumulation  equal  to  that  present  in 
advanced  age.  In  sixteen  of  one  hundred  bodies  studied  by  Goebel 
the  pigment  deposit  was  of  sufiicient  magnitude  to  cause  macroscopic 
discoloration,  characterized  by  him  as  rust  brown.  Hintze  (6)  has 
described  two  cases  of  similar  intestinal  pigmentation. 

The  pigment  present  in  these  cases  does  not  give  the  reactions  of 
iron  and  agrees  in  morphology  and  location  -with  the  hsemofuscin  of 
V.  Eecklinghausen.  Hence  both  Goebel  and  Hintze  conclude  that 
this  intense  intestinal  pigmentation  represents  the  first  stage  of  hsemo- 
chromatosis.  Hsemosiderin  is,  however,  not  present  and  it  is  the 
hsemosiderin,  whose  wide  distribution  fonns  the  most  characteristic 
feature  of  general  haemochromatosis.  Indeed,  the  iron-free  pigment 
has  apparently  been  overlooked  in  a  number  of  cases  of  generalized 
pigmentation,  whose  description  otherwise  agrees  with  the  picture 
drawn  by  v.  Eecklinghausen.  It  is,  moreover,  as  will  be  shown,  with 
the  presence  of  this  iron-containing  pigment  that  are  found  marked 
pathological  changes  in  the  containing  cells.  The  accumulation  of 
pigment  within  tlie  smooth  muscle  cells  of  the  intestine  is  apparently 
an  accentuation  of  a  physiological  process,  much  more  closely  related 
to  the  browm  atrophy  of  the  heart  than  to  general  hsemochromatosis. 
V.  Recklinghausen's  description  represents  a  condition,  presenting  no 
close  similarity  to  any  form  of  local  pigmentation  with  which  we  are 
familiar. 

The  important  features  of  this  description  are:  (1)  The  presence 
in  the  epithelial  cells  of  various  glands,  notably  the  liver  and  pancreas, 
of  an  iron-containing  pigment.  (2)  The  presence  of  an  iron-free  pig- 
ment in  smooth  muscle  cells  of  the  gastro-intestinal  tract  and  of  the 
blood-  and  l^nnph-vessels  and  in  certain  connective-tissue  cells.     (3) 


Eugene  L.   Opie  I'ljl 

The  association  of  eirrliosis  of  the  liver  with  the  pigmentatinn.  To 
this  condition,  apparently  a  distinct  pathological  entity,  the  term 
hfemochromatosis  should  be  limited,  even  though  v.  Recklinghausen, 
its  originator,  applied  it  to  conditions  of  local  pigmentation  as  well. 

Prior  to  v.  Eecklinghausen's  publication  several  observers  had  studied 
cases  of  widespread  pigmentation.  Quincke  (2)  in  1877  observed  with 
amemia  a  deposition  of  iron  in  various  organs  notably  in  the  liver  and 
s{)loen  and  in  one  instance  found  macroscopic  pigmentation  of  the  liviT 
and  pancreas  as  a  result  of  the  iron  deposition.  Tillmanns  (3)  described 
brown  pigmentation  of  the  liver,  of  the  abdominal  lymphatic  glands,  and 
in  less  degree  of  the  spleen  and  pancreas,  in  a  man  who  two  months  be- 
fore death  had  sustained  a  fracture  of  the  pelvis  and,  the  observer 
thought,  a  contusion  of  the  liver.  Hindenlang  (4)  observed  in  asso- 
ciation with  morbus  maculosus  "Werlhofii  pigmentation  of  the  glands  of 
the  body,  particularly  the  liver,  which  was  slightly  cirrhotic,  and  the  pan- 
creas, and  in  these  organs  found  a  pigment  corresponding  morphologi- 
cally and  in  situation  to  that  which  v.  Eecklinghausen  subsequently  des- 
cribed as  liEemosiderin.  The  presence  of  an  iron-free  pigment  was  not 
mentioned,  but,  being  much  less  conspicuous  than  the  hsemosiderin.  it 
may  readily  have  been  overlooked,  the  gastro-intestinal  tract  not  having 
received  histological  examination.  Hintze  (6)  has  described  six  cases 
which  he  regards  as  examples  of  hsemochromatosis.  Several  of  them 
had  previously  been  mentioned  by  Lubarsch  (T).  Only  three  agree  in 
detail  with  the  description  which  v.  Eecklinghausen  has  given.  Two 
are  the  cases  of  extreme  intestinal  pigmentation  before  mentioned  and 
in  a  third,  the  case  of  an  individual,  who  five  years  before  death  had 
undergone  an  operation  for  removal  of  a  cyst  of  the  pancreas,  the  deposi- 
tion of  iron-containing  pigment  was  limited  to  the  pancreas  and  neigh- 
boring lymphatic  glands.  The  pancreas  was  the  seat  of  a  chronic  inter- 
stitial inflammation  with  cyst  formation  and  the  pigment  was  present 
only  in  the  fibrous  tissue  while  the  epithelial  cells  contained  none.  Al- 
though the  intestine  presented  the  variety  of  pigmentation  described  by 
Goebel  the  condition  cannot  be  regarded  as  hsemochromatosis  and  was 
probably  the  result  of  local  haemorrhage  in  or  about  the  diseased  pan- 
creas. Buss  (8)  has  described  a  typical  case  of  hemochromatosis  asso- 
ciated with  cirrhosis  of  the  liver  and  diabetes  mellitus. 

Letulle  records  two  cases  and  Eichardiere  one  in  which  associated  with 
hypertrophic  cirrhosis,  accompanied  by  very  abundant  htemosiderin  pig- 
mentation, there  was  similar  pigmentation  of  the  pancreas  and  of  other 
organs.     In  these  cases  pigmentation  of  the  skin  was  apparently  absent. 
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A  condition,  associated  with  hsemochromatosis  by  y.  Eecklinghausen, 
has  been  studied  particularly  by  French  writers.  In  1882  Hanot  nd 
Chauffard  (11)  described  two  cases  of  diabetes  mellitus.  associated  clini- 
cally with  hypertrophic  cirrhosis  of  the  liver  and  bronze-like  pigmenta- 
tion of  the  skin.  At  the  autopsy  upon  the  first  of  these  cases  was  found 
cirrhosis  of  the  liver,  characterized  by  the  presence  of  wide  bands  of  con- 
nective tissue.  In  the  liver  cells,  as  well  as  in  the  interlobular  bands, 
were  brown  pigment  granules  in  great  quantities.  In  the  second  case, 
more  carefully  studied,  the  liver  and  pancreas  presented  a  brown  pigmen- 
tation and  were  the  seat  of  advanced  chronic  interstitial  inflammation, 
both  parenchyma  cells  and  interstitial  tissue  containing  masses  of  pig- 
ment granules.  The  stomach  and  duodenum  were  of  a  bluish-black  color 
and  pigment  in  small  granules  was  found  below  the  serosa.  Letulle  (12) 
several  years  later  reported  two  cases  of  a  similar  nature.  In  a  second 
communication  Hanot  in  conjunction  with  Schachmann  (13)  recorded  a 
fifth  case  and  reviewed  those  previously  published.  He  believed  that  the 
observations  previously  made  established  the  existence  of  a  new  form  of 
cirrhosis,  cirrliose  pigmeniaire  diahetique,  and  of  a  new  clinical  condition, 
didbete  bronze. 

The  designation  "  diabete  bronze  "  has  been  in  general  accepted,  but 
not  without  protest.  Bronzing  of  the  skin  is  not  a  constant  phenome- 
non and  has  been  found  absent  in  one  case  of  Letulle,  in  the  case  of 
Hanot  and  Schachmann  and  in  a  case  recorded  by  Brault  and  Gal- 
liard  (14). 

In  the  recorded  cases  of  so-called  bronzed  diabetes,*  as  far  as  they 
are  reported  with  sufficient  detail,  the  symptoms  and  pathological  find- 
ings are  very  constant.  Clinicallvj  the  picture  is  one  of  a  rapidly 
fatal  diabetes  mellitus  associated  with  ciiThosis  of  the  liver,  usually  of 
the  hypertrophic  variety.  Bronzing  of  the  skin  is  as  stated  not  con- 
stant, but  has  been  present  in  the  majority  of  the  cases.  At  autopsy 
has  been  found  a  deep  pigmentation  of  the  liver  and  pancreas  asso- 
ciated with  cirrhosis  and  in  cases  carefully  examined  macroscopically 

*  The  published  cases  of  bronzed  diabetes,  r.umbering  tAventy-four,  have 
been  carefully  collected  by  Anschiitz,  and  certain  data  are  presented  in 
tabular  form  in  his  comprehensive  review  of  the  subject  which  has  ap- 
peared in  the  Deutsches  Arcliiv  firr  l-lhiische  Medicin,  1899,  Ixii.  p.  411.  subse- 
quent to  the  preparation  of  this  paper.  For  this  reason  a  table  of  cases 
prepared  by  myself  has  been  omitted. 
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and  histologically  interstitial  pancreatitis.  An  ochrc-colored  pig- 
ment giving  the  microchemieal  reactions  of  iron  is  present  in  the 
jiarenchyma  cells  of  the  liver,  pancreas  and  other  glands,  in  the  muscle 
tibres  of  the  heart,  in  the  interstitial  tissue  of  these  organs  and  in 
the  lymphatic  glands. 

The  facts  relating  to  the  incidence  of  the  disease  are  of  interest. 
ISTo  recorded  instance  of  hsemochromatosis  or  of  bronzed  diabetes  has 
occurred  in  the  female.  The  age  of  the  individuals  affected  with 
bronzed  diabetes  has  varied  between  33  and  62  years,  the  greatest 
number  occurring  in  the  fourth  and  fifth  decades.  The  cases  of 
simple  hsemochromatosis  fall  within  these  limits.  It  has  been  believed 
that  the  disease  is  more  common  in  France  than  elsewhere  and  this 
is  to  a  certain  extent  indicated  by  the  fact  that  of  twenty-four  cases 
seventeen  have  been  observed  in  that  country.  Simple  haemochroma- 
tosis  has  been,  however,  described  more  frequently  by  German  writers. 

The  pathogenesis  of  the  condition  has  been  the  subject  of  varied 
speculation.  Hanot  and  Chauffard  and  subsequently  Hanot  and 
Schachmann  have  maintained  that  the  primary  etiological  factor  is 
the  diabetes  mellitus,  that  tbe  diabetic  alteration  of  the  blood  in  con- 
junction with  endarteritis,  which  they  have  found  constant  in  tbeir 
cases,  causes  a  disturbance  in  the  nutrition  of  the  liver  cells,  an  altera- 
tion of  the  pigment  metabolism  and  a  deposition  of  pigment  within 
the  cell  body.  The  excess  of  pigment  so  formed  is  reabsorbed  by  the 
capillaries  and  diffused  possibly  in  the  fonn  of  emboli  over  the  entire 
organism.  Letulle  (12)  finding  the  same  process  of  pigment  deposi- 
tion in  other  organs,  for  example  the  heart,  that  takes  place  in  the 
liver,  comes  to  the  conclusion  that  the  pigment  is  formed  in  the  cells 
in  which  it  is  found  from  the  hsemogiobin  of  the  blood.  He  regards 
the  diabetes  as  primary  and  thinks  that  degeneration  of  haemoglobin 
wherever  it  exists  occurs  under  the  influence  of  the  hyperglycsemia. 
Brault  and  Galliard  (14)  also  give  prominence  to  diabetes  as  the  im- 
portant factor  in  the  production  of  pig-mentation.  The  haemoglobin 
of  the  diabetic  is,  they  think,  so  altered  that  it  is  incapable  of  the  nor- 
mal transfonnation  into  bile  pigment  and  is  deposited  in  the  liver 
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cell.     Furthermore,  it  accumiilates  in  the  blood  and  wheveTer  pigment 
is  elaborated  and  utilized. 

Hernandez  (16)  thinks  that  dissolution  of  haemoglobin  takes  place 
under  the  influence  of  a  general  malady,  diabetes,  and  pigment  is  de- 
posited in  the  glandular  cells  altering  their  nutrition  and  finally  caus- 
ing their  destruction.  The  pigment  is  not  eliminated,  but  passes  into 
the  lymphatics,  and  causes  in  their  walls  an  irritation,  manifested 
by  an  increase  of  the  connective  tissue  of  the  organ.  Mosse  (17)  be- 
lieves that  under  the  influence  of  the  hyperglycsemia  pigment  gran- 
ules are  formed  within  the  blood-vessels  at  the  expense  of  the  altered 
or  dissolved  haemoglobin.  The  pigment  accumulation  in  the  liver  is 
in  proportion  to  the  specialization  of  the  liver  cells  to  a  chromogenic 
function  and  to  the  large  volume  of  blood  which  traverses  the  organ. 
The  coexistence  of  hyperglycaemia  and  melansemir,  contributes  in  very 
great  part  to  the  production  of  cirrhosis.  De  ]\Iassary  and  Potier  (19) 
support  the  conception  that  a  diabetic  alteration  of  the  blood  is  the 
essential  etiological  factor  in  the  production  of  the  pigmentation. 
Eendu  and  de  Massary  (20)  advance  the  hypothesis  that  the  pig-ment 
is  deposited  in  the  various  cells  of  the  body  as  the  result  of  an  abnor- 
mal action  exerted  by  the  cell  upon  the  haemoglobin  of  the  blood,  the 
alteration  of  metabolism  being  the  manifestation  of  a  general  cachexia 
caused  by  diabetes  associated  with  cirrhosis  of  the  liver. 

A  second  smaller  group  of  writers  think  that  the  pigm-entation  is 
produced  by  a  primary  disease  of  the  blood,  that  as  a  result  of  some 
fundamental  cause  there  is  an  alteration  of  the  blood  and  subsequent 
formation  of  pigment  from  the  altered  haemoglobin.  The  relation  of 
the  concomitant  diabetes  and  cirrhosis  then  remain  to  be  explained. 
Buss  suggests  that  the  glycaemia  may  be  the  result  of  an  incomplete 
oxidation  of  oxidizable  carbon,  resulting,  in  turn,  from  a  diminished 
oxygen-carrying  power  of  the  altered  haemoglobin.  P.  Marie  (18) 
thinks  that  there  follows  the  action  of  some  primitive  cause  a  dissolu- 
tion of  the  haemoglobin,  which  is  transformed  by  the  protoplasm  of 
various  cells  of  the  body  into  pigment,  deposited  in  them.  The  pig- 
ment in  turn  causes  a  degeneration  and  destniction  of  the  cells  in 
which  it  is  accumulated  and  consequently  chronic  interstitial  inflam- 
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niation  of  various  organs,  notably  the  liver.  The  bronzed  diabetes  is 
luirlu'r  clinii-aliy  nor  pathologically  the  classic  diabetes,  but  is  a  dis- 
tinct morbid  entity,  as  is  according  to  his  belief  pancreatic  diabetes, 
and  if,  he  says,  it  should  be  necessary  to  cwnipare  the  condition  with 
any  other  he  would  turn  his  attention  to  pancreatic  diabetes.  Acard 
(21),  Dutournier  (22),  and  Jeanselme  (23)  reiterate  the  conception  of 
Marie  and  suggest  that  perhaps  the  diabetes  is  only  an  accessory  phe- 
nomenon which  appears  with  a  certain  degree  of  chronic  interstitial 
[lancrcatitis.  Anseliiitz  has  convinced  himself  that  the  diabetes  finds 
its  cause  in  chronic  interstitial  pancreatitis  which  like  the  cirrhosis  of 
the  liver,  he  believes,  is  a  manifestation  of  an  underlying  condition. 
The  French  writers  who  have  described  cases  of  "  diubete  bronze  " 
do  not  identify  the  pigmentation  with  the  hsemochromatosis  of  v. 
Recklinghausen.  In  the  veiy  early  cases  no  examination  of  the 
chemical  nature  of  the  pigment  was  made.  Hernandez  demonstrated 
that  the  brownish-yellow  gTanules  found  by  him  in  the  epithelial  cells 
of  the  liver,  pancreas  and  kidney,  in  the  muscle  cells  of  the  heart,  in  the 
connective  tissue  of  these  organs  and  in  the  lymphatic  glands  gave  the 
microchemical  reactions  known  to  be  characteristic  of  iron.  In  this 
and  in  subsequent  cases  the  brownish-yellow  pigment  agrees  in  mor- 
phology and  in  location  with  the  h^emosiderin  of  v.  Recklinghausen. 
Xo  mention  is  made  by  the  majority  of  the  French  \\Titers  of  an  iron- 
free  pigment  present  in  smooth  muscle  cells  and  in  certain  connective- 
tissue  cells.  It  is  the  absence  of  haemofuscin  alone  which  raises  doubt 
as  to  the  identity  of  the  pigmentation  of  bronzed  diabetes  with  haenio- 
chromatosis.  The  haemofuscin,  occurring  in  fine  pale-yellow  gTan- 
ules within  cells,  is  much  less  conspicuous  than  the  more  coai-sely  gran- 
ular hsemosiderin,  and  may  very  readily  be  overlooked  in  specimens 
treated  with  reagents  which  demonstrate  iron.  Auscher  and  La- 
picque  (24)  studied  the  pigment  present  in  the  case  reported  by  Marie. 
In  addition  to  widely  distributed  ochre-colored  pigment  which  be- 
came black  on  treatment  with  ammonium  sulphide,  they  found  on  the 
intestinal  wall  a  second  variety  of  pigment  which  was  according  to 
them  of  black  color  and  dissolved  in  ammonium  sulphide.  Quan- 
titative determination  of  the  iron  of  the  intestinal  wall  demonstrated 
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a  small  percentage  while  that  of  the  liver  was  extremely  large.  The 
pigment  observed  by  Auscher  and  Lapicque  and  subsequently  found 
by  Acard  and  Dutoumier,  though  described  as  black  in  color,  is  ap- 
l^arently  the  iron-free  hiemofuscin. 

Buss,  in  an  inaugural  dissertation,  as  mentioned,  reports  a  case  of 
diabetes  associated  with  cin'hosis  of  the  liver  and  of  the  pancreas  and 
with  general  haemochromatosis.  He  finds  the  iron-containing  and  the 
iron-free  pigTiient  in  locations  coiTesponding  to  those  mentioned  by  v. 
Eecklinghausen.  On  the  one  hand  there  is  no  reason  to  doubt  that 
the  pigmentation  in  this  case  is  identical  with  that  of  hsemochroma- 
tosis  and  on  the  other  hand  the  case  presents  the  clinical  and  patho- 
logical picture  to  which  Hanot  has  given  the  name  "  diabete  bronze." 

The  case  described  by  the  writer  holds  a  position  intermediate  be- 
tween hsemochromatosis  and  the  so-called  bronzed  diabetes.  Asso- 
'ciated  with  hsemochromatosis  there  is  bronzing  of  the  skin,  cirrhosis  of 
the  liver  of  advanced  grade,  and  chronic  interstitial  pancreatis.  Dia- 
b)etes  was,  however,  not  present.  It  is  evident  then  that  the  general- 
ized pigmentation  of  bronzed  diabetes  is  the  hsemochromatosis  of  v. 
Recklinghausen. 

"When  considering  the  etiological  factors  concerned  in  the  deposi- 
tion of  great  quantities  of  pigment  in  the  liver  and  other  organs  we 
direct  our  attention  to  the  blood,  since  it  cannot  be  doubted  that 
this  iron-containing  material  is  derived  more  or  less  directly  from  the 
haemoglobin.  It  is  well  known  that  in  pernicious  anaemia  with  active 
blood  destruction  there  is  a  deposition  of  iron  within  the  liver  and  other 
organs,  but  pigmentation  of  the  character  under  consideration  is  at 
least  in  the  gTeat  majority  of  cases  not  found.  A  considerable  pro- 
portion of  the  cases,  both  x)f  simple  haemochromatosis  and  of  hemo- 
chromatosis associated  with  diabetes,  have  been  accompanied  by  con- 
ditions which  involve  active  destruction  of  the  red  blood  corpuscles. 
Hindenlang's  case  of  general  pig-mentation,  almost  certainly  one  of 
haemochromatosis,  was  associated  with  morbus  maculosus  "Werlhofii. 
In  four  other  cases  purpuric  eniptions  have  been  observed.  In  sev- 
eral there  have  been  local  haemorrhagic  conditions  as,  for  example, 
liEemorrhagic  pericarditis  or  peritonitis  in  cases  of  Hintze.     In  the 
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case  of  Bliss  tliere  was  foiiiul  at  aiit<>})sy  Im'iiiorrliagic  pleurisy  and 
peritonitis  and  lueinorrliao'ic  ])a(']iynu'ningitis.  Other  forms  of  local 
lifeinorrliage  liave  been  noted.  The  conditions  cited  present  consid- 
erable variety,  and  in  many  cases  were  late  manifestations  in  the  dis- 
ease. In  many  cases,  moreover,  local  hremorrhages  were  not  demon- 
strable. It  is  then  unnecessary  to  assume  that  the  haemoglobin  form- 
ing the  pigment  arises  from  the  destruction  of  red  corpuscles  of  extra- 
vasated  blood.  It  seems  possible  that,  associated  wnth  some  primitive 
alteration  of  the  blood,  there  is  a  tendency  to  local  haemorrhage,  the 
haemorrhages  being  merely  secondary  manifestations  of  the  same  dis- 
ease of  the  blood  which,  associated  with  intravascular  destruction  of 
red  corpuscles,  precedes  the  pigment  deposition. 

In  a  case  of  Jeanselme  examination  of  the  blood  demonstrated  the 
presence  of  a  moderate  gi-ade  of  anasmia,  but  otherwise  no  marked 
pathological  change  of  the  blood  was  noted.  Coagulation  was  not 
retarded. 

Attempts  have  been  made  to  reproduce  experimentally  the  pigmen- 
tation found  in  human  beings.  Two  methods  have  been  employed: 
(1)  The  conditions  of  local  haemorrhage  are  produced,  for  example, 
by  injecting  blood  into  the  peritoneum.  (2)  Haemoglobin  is  set  free 
within  the  circulating  blood  by  the  use  of  toxic  substances  which  cause 
destruction  of  the  red-blood  corpuscles.  Auscher  and  Lapicque  (25) 
and  ]\Ieunier  (26)  have  attempted  by  these  means  to  reproduce  the  pig- 
mentation of  the  internal  organs  found  in  bronzed  diabetes.  Auscher 
and  Lapicque  by  injecting  blood  into  the  peritoneum  caused  accumu- 
lation of  an  iron-containing  pigment  in  considerable  quantity  in  the 
spleen  but  in  very  small  quantity  in  the  liver.  In  cases  of  haemochro- 
matosis,  however,  the  liver  is  the  prominent  seat  of  pigment  accumu- 
lation. 

It  has  long  been  known  that  toluylendiamin  causes  a  destruction 
of  the  red-blood  corpuscles,  large  doses  producing  in  dogs  haemogiob- 
inuria.  By  the  use  of  this  substance  numerous  experimenters  have 
caused  the  deposition  of  an  iron-containing  pigment  in  the  liver  and 
other  organs.  Xeuuier,  attempting  to  reproduce  in  dogs  the  pigmen- 
tation of  bronzed  diabetes,  succeeded  by  the  repeated  injection  of 
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small  doses  in  obtaining  an  iron-containing  pigment  in  moderate 
amonnt  in  tlie  liver,  lymphatic  glands,  spleen,  and  bone  marrow.  The 
immense  ii'on  accumulation  of  hsemochromatosis,  however,  has  not 
been  reproduced  so  that  experiments  have  thrown  but  little  light 
upon  the  pathogenesis  of  the  condition. 

The  origin  of  the  second  fonn  of  pigment  described  by  v.  Reckling- 
hausen, haemofuscin,  has  been  discussed  at  length  by  several  writers 
who  have  studied  haemochromatosis.  The  data  at  hand  are,  however, 
xevj  meagre.  If  the  hsemofuscin  were  derived  from  the  haBmosiderin, 
the  two  would  be  found  side  by  side  in  the  same  cell  and  v.  Reckling- 
hausen, therefore,  thinks  that  the  haemofuscin  is  fonned  independently 
from  the  hasmogiobin  or  some  soluble  derivative  present  in  the  lymph. 
Lubarsch  and  Hintze  believe  the  haemofuscin  to  be  elaborated  from 
the  haemoglobin  as  the  result  of  a  specific  activity  of  the  smooth 
muscle  cells.  Lubarsch  injected  defibrinated  blood  between  the  serosa 
and  muscularis  of  the  intestine  of  rabbits  and  obtained  in  the  smooth 
muscle  cells  yellow  granules  of  an  iron-free  pigment,  formed,  he 
thinks,  by  the  action  of  the  cells  upon  the  liberated  haemoglobin. 

It  has  been  pointed  out  that  a  pigment  apparently  identical  with 
the  haemofuscin  of  v,  Recklinghausen  is  present  in  adults  in  the  smooth 
muscle  cells  of  the  intestine  under  conditions  which  may  be  regarded 
as  physiological,  and  according  to  Goebel  increases  mth  advancing 
age.  In  the  sixteen  cases  of  well-marked  intestinal  pigmentation  with- 
out hsemochromatosis  studied  by  him  this  pigment  was  not  limited  to 
the  muscle  of  the  intestine,  but  was  found  sparsely  distributed  in  the 
smooth  muscle  cells  of  the  blood-vessels  of  the  intestine,  kidney,  liver, 
and  lung,  in  the  smooth  muscle  of  the  bronchi,  urinary  bladder,  and 
prostate.  He  observed  similar  pigment  in  the  spindle-shaped  cells  of 
the  splenic  trabecule  and  in  connective-tissue  cells  of  the  liver,  sub- 
maxillary gland,  and  mesentery.  It  seems  evident  then  that  the 
hgemofuscin  found  abundantly  vrith.  hsemochromatosis  occurs  under 
conditions  which  may  probably  be  regarded  as  physiological.  Un- 
doubtedly this  pigment  may  occur  unaccompanied  by  a  generalized 
deposition  of  the  iron-containing  haemosiderin. 

Certain  other  iron-free  pigments  existing  in  moderate  quantity  un- 
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dcv  pliYsiological  conditions  have  boon  in  tlio  case  honwitli  desoriliorl 
fonnd  inoroasod.  The  iron-free  pigment  present  in  tlic  lioni-t  nmsclc 
is  greater  in  amonnt  than  that  fonnd  under  normal  conditions.  The 
interstitial  cells  of  the  testicle,  normally  containing  pigment  in  moder- 
ate quantity,  are  loaded  Avith  pigment  grannies  which  do  not  give  the 
reaction  of  iron.  The  pigmentation  of  the  skin  whieh  has  given  name 
to  the  disease  is  caused  by  the  presence  in  the  deepest  cells  of  the  ^lal- 
pighian  layer  of  an  iron-free  pigment  apparently  not  diffenng  from 
that  fonnd  under  nonnal  conditions. 

It  seems  probable  then  that  the  same  conditions  which  cause  the 
deposition  of  an  iron-containing  pigment  in  various  cells  of  the  body 
favor  the  chromogenic  metabolism  of  those  cells  which  under  nomia;! 
conditions  are  capable  of  fonning  pigment.  It  may  be  pointed  out, 
moreover,  that  hsemofuscin  is  present  in  considerable  quantity  in  the 
walls  of  the  vessels  of  the  liver,  pancreas,  and  lymph  glands  which 
contain  h?pmosiderin  in  great  quantity;  while  in  the  vessels  of  or- 
gans like  the  kidney  and  lungs,  in  which  is  deposited  very  little  iron- 
containing  pigment,  it  .is  almost  absent. 

As  already  indicated  a  majority  of  those  who  have  studied  cases  of 
bronzed  diabetes  regard  the  diabetes  as  the  essential  etiological  factor. 
V.  Recklinghausen  so  explained  his  case  of  hgemochromatosis  associated 
with  diabetes.  "Without  sufficient  basis  apparently  an  active  blood 
destruction  is  assumed  to  be  the  result  of  the  diabetic  condition.  In 
the  ordinary  form  of  diabetes,  however,  an  accumulation  of  iron  does 
not  take  place  in  the  liver  or  other  organs,  as  shown  particularly  in 
cases  studied  by  Zaleski  *  and  Kretz.f  A  case  of  diabetes  associated 
with  cirrhosis  of  the  liver  without  pigmentation  is  recorded  by  Hanot 
and  Schachmann.  Similar  cases  in  which  pigmentation  was  not,  at 
least,  a  conspicuous  feature  are  mentioned  by  Hansemann  and  other 
writer's  upon  diabetes.  There  is,  moreover,  as  will  be  pointed  out 
reason  to  believe  that  the  diabetes  is  secondary  to  the  hsemochroma- 
tosis. 

*  Virchow'^  Archiv,  1886,  civ,  91. 

j  Blitr.  :ur  klin.  Med.  ».  Cliir.,  Hft.  15.  Wien,  1896;  Ceiitmlbl.  f.  alU/.  Path.  n. 
path.  Aiiat..  1897,  viii,  620. 
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In  the  cases  of  bronzed  diabetes  the  two  prominent  features  in  ad- 
dition to  the  generalized  pigmentation  are  diabetes  and  cirrhosis  of 
the  liver,  and  it  is  to  this  second  factor  that  a  number  of  Avriters  have 
directed  their  attention  in  attempting  to  explain  the  pigmentation.  It 
is  to  be  recalled,  moreover,  that  ciiThosis  of  the  liver,  usually  of  a  less 
intense  grade,  has  been  present  in  the  cases  of  simple  hsemochroma- 
tosis.  In  all  instances  of  hsemochromatosis,  both  with  and  without 
diabetes,  the  greatest  pigment  accumulation  has  been  in  the  liver,  and 
consequently  a  disturbed  chromogenic  function  of  that  organ  has  sug- 
gested itself.  It  is  conceivable  that  an  iron-containing  substance  is 
deposited  in  the  liver  cells  as  the  result  of  their  inability  to  accom- 
plish the  normal  elaboration  of  bile  pigments  from  the  haemoglobin 
of  the  blood.  This  altered  metabolism  may  be  the  concomitant  of  the 
cirrhosis  of  the  liver,  then  to  be  regarded  as  the  primary  etiological 
factor.  If  the  pigment  is  formed  in  the  liver,  how  does  it  reach  other 
portions  of  the  body?  Is  there  evidence  that  the  pigment  is  trans- 
ported by  the  blood  stream  either  as  emboli  free  in  the  plasma  or  as 
granules  enclosed  within  phagocytic  cells?  An  occasional  particle  of 
pigment  has  been  found  in  blood  obtained  by  pricking  the  skin,  but 
the  objection  has  been  urged  that  such  particles  may  be  derived  from 
the  piginented  cutaneous  glands.  The  demonstration  in  sections  of  an 
occasional  pigment  granule  in  the  Imnen  of  vessels  is  by  no  means 
conclusive,  since  an  impervious  material  may  in  cutting  be  earned  into 
such  position  by  the  knife.  The  demonstration,  as  in  the  case  de- 
scribed by  the  Avriter,  of  cells  containing  pigment  granules  within  the 
lumen  of  vessels  is  in  no  greater  degree  proof  that  in  this  way  pig- 
ment is  disseminated  from  a  single  depot  of  formation.  For  it  is  not 
inconceivable  that  from  soluble  substances  in  the  plasma  pigment  is 
elaborated  in  those  cells  in  which  it  is  found.  Moreover,  as  has  been 
pointed  out,  it  is  probable  that  a  certain  number  of  pigment-contain- 
ing cells  are  endothelial  plates  desquamated  before  death  as  a  conse- 
quence of  the  pigment  accumulation  or  after  death  as  a  result  of  post- 
mortem change. 

A  study  of  the  process  of  pigment  accumulation  in  widely  separated 
organs  throws  more  light  upon  the  seat  of  its  formation.     The  glands 
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I  have  studied  most  carefully  art'  the  liver,  ]>anei-ea>,  ailreuals  and 
g'lands  of  Bniiincr.  When  the  pigment  is  in  ni( (derate  (piantity,  it  is 
present  as  relatively  tine  round  graniTles  occupying-  that  portion  of  the 
cell  most  distant  from  the  capillanes,  that  is,  in  acinous  glands  the 
portion  of  the  cell  next  the  lumen.  With  gi*eater  accumulation  the 
whole  cell  body  contains  pigment  granules  and  finally  almost  the  en- 
tire protoplasm  is  replaced  by  them.  In  cells  so  loaded  with  pignnent 
the  individual  granules  vary  much,  occurring  as  large  round  globules, 
often  of  greater  size  than  a  red-blood  corpuscle.  Changes  may  also 
be  observed  in  the  nucleus  of  the  cell.  It  becomes  smaller,  its  out- 
line often  becomes  irregular,  and  it  assumes  a  shrivelled  appearance. 
In  cells  appearing  to  be  a  mere  mass  of  granules  and  globules  of  pig- 
ment with  careful  focusing  a  very  faintly  staining  vesicular  nucleus 
is  occasionally  seen,  while  more  frequently  are  found  pigment  masses 
without  any  trace  of  nucleus,  but  still  maintaining  the  cell  outline. 
Finally  the  cell  outline  is  lost  and  a  clump  of  pigment  particles  of 
veiy  variable  size  lies  free  in  the  tissue.  The  same  process,  observed 
in  the  liver,  takes  place  in  the  pancreas  and  adrenal  gland  and,  indeed, 
in  the  muscle  cells  of  the  heart.  It  is  therefore,  improbable  that  the 
pigment  they  contain  is  transported  as  emboli  or  in  phagocytic  cells 
from  some  distant  organ,  as  the  liver.  Much  more  probable  is  it  that 
the  same  process  is  taking  place  simultaneously  in  all  the  organs  con- 
cerned, that  the  pig-ment  is  elaborated  by  the  cells  in  which  it  is  found 
from  iron-containing  material  dissolved  in  the  surrounding  lymph. 

Although,  as  it  appeare,  the  liver  is  not  the  seat  of  formation  of  the 
pigment  found  in  other  organs,  a  disturbance  of  the  chromogenic  meta- 
bolism of  its  cells  may  be  an  important  factor  in  causing  the  deposi- 
tion of  pigment  elsewhere.  It  may  be  that  iron-containing  derivatives 
of  the  hsemoglobin  are  not  eliminated  in  consequence  of  changes  in 
the  liver  cells  and  so  accumulate  in  the  blood.  The  extreme  pigmen- 
tation of  the  liver,  greatly  exceeding  that  of  other  organs,  may  hold 
to  its  chromogenic  function  some  relation  which  our  present  knowl- 
edge of  iron  metabolism  does  not  explain. 

Doubtless,  for  the  production  of  a  condition  of  hemochromatosis, 
some  factor  is  necessary  besides  the  mere  disintegration  of  red  cor- 
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puscles  and  setting  free  of  lisemoglobin.  Its  absence  in  conditions 
associated  with  blood  destruction  sufficiently  proves  this  point.  Of  a 
series  of  cases  of  cirrhosis  of  the  liver  studied  by  Kretz  -  in  about 
one-half  was  found  an  accumulation  of  an  iron-containing  pig-ment 
resembling  hsemosiderin.  He  comes  to  the  conclusion  that  the  toxic 
matter  circulating  in  the  blood  causes  a  degeneration  of  the  liver  cells 
and  at  the  same  time  acts  injuriously  upon  the  red  coi'puscles.  It  is 
the  association  of  the  two  conditions  which  simultaneously  produces 
cirrhosis  and  pigmentation.  Possibly  in  hsemochromatosis  the  toxic 
material  causing  the  blood  destruction  is  of  such  a  nature  that  it  acts 
injuriously  upon  the  cells  of  the  liver  and  other  organs  so  that  they 
transform  the  soluble  blood  pigment  reaching  them  into  the  insoluble 
lic^emosiderin.  Alcohol  may,  under  certain  conditions,  have  this  action. 
Such  speculations  merely  indicate  the  complexity  of  the  conditions 
which  underlie  the  generalized  pigmentation. 

Degenerate  cells  overloaded  with  pigment  are  in  the  case  studied 
very  abundant  and  can  be  readily  demonstrated  without  prolonged 
search.  We  have  thus  an  efficient  factor  for  the  production  of  a 
chronic  interstitial  inflammation.  Newly  formed  fibrous  tissue  in- 
vades the  lobule  along  the  central  vein  and  in  places  sends  out  fine 
radiating  bands  along  the  capillaries  between  the  columns  of  liver 
cells.  The  fibrous  tissue  about  the  central  vein  and  that  between  the 
lobules  contain  large  quantities  of  pig-ment  for  the  most  part  extracel- 
lular as  a  result  of  the  degeneration  of  the  cells  in  which  it  was  foinned. 
This  pigment  lies  free  in  the  tissue  presumably  transported  along 
lymphatic  channels.  When  it  is  massed  in  large  quantity,  there ,  is 
usually  evidence  of  active  cell  proliferation.  In  general  the  interlo- 
bular tissue  is  poor  in  cells,  but  in  such  areas  proliferation  may  be  in- 
dicated by  the  presence  of  small  round  cells.  Two  factors  are,  I  be- 
lieve, active  in  producing  the  scleroses:  (1)  pigmentary  degeneration 
of  the  parenchyma  cells;  (2)  irritation  produced  by  the  presence  of  the 
pigment  in  the  interstitial  tissue. 

In  the  case  I  have  described  the  pancreas  is  the  organ  next  to  the 
liver  most  conspicuously  pigmented.     Extreme  pigmentation  and  con- 

*  Loc.  cit. 
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sequent  degeneration  of  the  [jarenchyma  cells  can  be  readily  seen. 
Fibrous  septa  deeply  pigmented  separate  the  lobules  and  in  places 
strands  of  similar  nature  penetrate  between  the  acini.  The  pancreas 
has  been  very  superficially  examined  in  many  of  the  reported  cases  of 
bronzed  diabetes,  but  in  those  in  which  a  description  of  the  micro- 
scopic appearance  is  given  it  is  evident  that  chronic  interstitial  pan- 
creatitis existed.  The  fact  that  the  organ  in  the  great  majority  of 
cases  has  not  been  found  atrophic  has  probably,  in  certain  instances, 
prevented  the  recognition  at  autopsy  of  interstitial  inflammation. 
In  but  two  cases  apparently  has  it  been  found  to  be  smaller  than  nor- 
mal while  it  is  frequently  described  as  voluminous,  enlarged  or  nor- 
mal in  size.  In  seven  cases  the  weight  is  recorded;  the  mean  of  the 
figures  given,  varying  between  95  and  195  grm.,  is  125.7  grm.,  about 
one-half  greater  than  the  normal  weight  of  the  organ.  The  average 
w^eight  of  the  liver,  recorded  in  thirteen  cases  of  bronzed  diabetes,  is 
2-197  grm.  and  we  must  regard  the  condition  present  as  a  form  of  hy- 
pertrophic cin'hosis.  The  lesion  of  the  pancreas  differs  from  the  more 
commonly  observed  form  of  chronic  interstitial  inflammation,  accom- 
panied by  more  or  less  atrophy  of  the  organ  and  may  be  designated  as 
hypertrophic  pancreatitis.  In  my  case  without  diabetes  the  pancreas 
weighed  170  gnn.,  almost  twice  the  normal  w^eight,  and  was  the  seat 
of  an  interstitial  inflammation  of  moderate  intensity. 

The  etiological  relationship  of  chronic  interstitial  inflammation  of 
the  pancreas  to  diabetes  has  been  w^ell  established  in  recent  years  by 
Hansemann  and  others,  though  the  exact  character  and  degree  of  such 
inflammation  necessary  to  the  production  of  glycosuria  has  not  been 
definitely  determined.  Finding,  "with  bronzed  diabetes,  chronic  inter- 
stitial pancreatitis  constant  as  far  as  we  are  able  to  judge,  it  is  hardly 
possible  to  doubt  that  the  diabetic  condition  is  pancreatic  in  origin  and 
makes  its  appearance  when  the  pancreatitis  has  reached  a  certain  grade 
of  intensity.  In  the  majority  of  cases  the  symptoms  of  onset  are  those 
of  diabetes,  that  is  the  individual  is  apparently  in  good  health  until 
the  onset  of  glycosuria.  In  the  three  cases  of  hsemochromatosis  with- 
out diabetes  described  by  Hintze,  diseases  having  no  apparent  relation 
to  the  hsemochromatosis  caused  death.     In  the  present  instance  inter- 
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current  tvphoid  fever  caused  tlie  deatli  of  the  indi\ddual  before  clironic 
interstitial  pancreatitis  bad  reacbed  a  sufficient  grade  of  intensity  to 
produce  glycosuria  and  tbus  tbe  bsemocbromatosis  was  prevented  from 
reacbing  its  usual  termination,  pancreatic  diabetes. 

COXCLUSIOXS. 

(1)  Tbere  exists  a  distinct  morbid  entity,  lisemocbromatosis,  cbar- 
acterized  by  tbe  widespread  deposition  of  an  iron-containing  pigment 
in  certain  cells  and  an  associated  formation  of  iron-free  pigments  in  a 
variety  of  localities  in  wbicb  pigment  is  found  in  moderate  amount 
under  pbysiological  conditions. 

(2)  Witb  tbe  pigment  accumulation  tbere  is  degeneration  and  deatb 
of  tbe  containing  cells  and  consequent  interstitial  inflammation, 
notably  of  tbe  liver  and  pancreas,  wbicb  become  tbe  seat  of  inflamma- 
tory cbanges  accompanied  by  bypertropby  of  tbe  oi'gan. 

(3)  Wben  cbronic  interstitial  pancreatitis  bas  reacbed  a  certain 
arade  of  intensitv  diabetes  ensues  and  is  the  terminal  event  in  tbe 
disease. 

I  desire  to  express  my  obligation  to  Dr.  "Welch  and  Dr.  Flexner  for 
the  interest  they  have  shown  in  the  foregoing  case  and  for  tbe  assist- 
ance they  have  given  me  in  its  study. 
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THE  ACTIOX  OF  HEPATIC,  REXAL  AND  OTHER  CELLS 

OX  PHEXOL  AXD  TXDOL,  UXDER  XORMAL  AND 

PATHOLOGICAL  COXDITIOXS.* 

By  C.  a.  HERTER,  M.  D.,  asv  A.  J.  WAKEMAN,  Ph.  D. 

It  is  tlie  object  of  this  commuiiication  to  give  the  results  of  exper- 
imental observations  on  the  behavior  of  varions  animal  cells  toward 
certain  substances  belonging  to  the  aromatic  tjipe,  notably  phenol  and 
indol.  The  inquiry  was  prompted  by  the  interest  which  attaches  to  a 
stndy  of  the  natural  defenses  of  the  organism  against  various  kinds  of 
damage  through  chemical  agencies.  Prominent  among  the  problems 
that  arise  in  connection  -until  such  an  inquiiy  are,  first,  the  determina- 
tion of  the  seat  of  the  defensive  action  of  the  organism,  whether  chiefly 
m  the  blood  or  in  the  cells;  second,  the  relative  activity  of  the  differ- 
ent kinds  of  cells  in  the  neutralization  of  the  toxic  properties  of  the 
particular  chemical  agents  employed;  and  third,  the  character  of  any 
chemical  transformation  that  may  take  place,  when  these  substances 
are  acted  upon  by  living  cells. 

Indol  and  phenol  were  selected  for  use  in  the  inquiry  for  two  rea- 
sons. First,  these  substances  are  nomial  products  of  proteid  cleavage 
in  the  intestine,  under  the  influence  of  bacteria  and  of  th*e  proteolvtic 
ferment  of  the  pancreatic  juice,  and  they  are  often  formed  in  excessive 
amounts  in  the  course  of  digestive  derangements.  Greater  interest 
thus  attaches  to  the  fate  of  these  substances  in  the  organism  than  to 
that  of  wholly  foreign  poisons.  Second,  both  indol  and  phenol  are 
recognizable  by  means  of  delicate  color  reactions,  and  it  becomes  possi- 
ble by  means  of  the  procedures  to  be  described  to  make  use  of  these 
color  tests  for  the  purpose  of  comparing  the  relative  proportion  of 
phenol  and  indol  present  in  different  solutions. 

The  Contact  Method. — Two  methods  were  pursued  in  our  observations. 
In  the  first,  the  organs  of  healthy  rabbits  were  quickly  removed,  after 

*  Read  before  the  Association  of  American  1  hysicians,  Maj-  4,  1899.  • 
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bleeding  nearly  to  the  point  of  death.  After  chopping  the  organs  into 
fine  bits,  seven  grammes  of  the  pulp  of  the  liver,  kidney,  brain  muscle, 
and  seven  grammes  of  the  blood  were  brought  into  contact  with  ten  cubic 
centimetres  of  a  weak  solution  of  phenol  and  indol  of  known  strength. 
The  period  during  which  these  solutions  were  left  in  touch  with  the 
organ  pulps  varied  in  different  experiments,  two  or  three  hours  being 
the  usual  period.  At  the  end  of  this  time  the  mixture  was  subjected 
to  distillation.  The  distillate  was  then  tested  for  the  presence  of  indol 
by  the  nitroso-indol  test,  and  for  phenol  by  means  of  Millon's  reagent. 
By,  placing  in  columns  equal  heights  of  distillates  in  test  tubes  it  be- 
comes possible  to  arrange  these  in  the  order  of  the  intensity  of  their 
color.  Two  or  more  members  of  the  series  sometimes  give  colors  of  equal 
intensity,  or  the  difference  may  be  so  small  that  it  is  difficult  to  be  cer- 
tain of  any  difference.  Usually,  however,  a  good  gradation  of  color  can 
be  obtained  throughout  the  series.  It  is  hardly  necessarj-  to  state  that 
the  utmost  care  in  technique  is  necessary  in  making  these  observations, 
by  what  we  have  come  to  call  the  "  contact  method."  Under  carefully 
controlled  conditions  it  is  possible  to  obtain  reliable  and  consistent  results. 

It  wall  be  seen  by  reference  to  Tables  I  and  II  that  the  different 
organ  j)ulps  possess  in  different  degrees  the  power  of  causing  the  disap- 
pearance of  the  phenol  or  indol  with  which  they  are  brought  in  rela- 
tion. 

That  all  of  them  possess  some  activity,  is  seen  by  the  fact  that  their 
distillates  peld  less  color  than  a  blank  control  of  the  solution,  which 
has  also  been  subjected  to  distillation.  "\\"e  may  refer  first  to  the 
results  obtained  with  phenol  and  then  to  those  with  indol. 

Order  of  Activity  of  Different  Cells. — Of  the  tAventy-seven  observa- 
tions on  phenol,  it  is  seen  that  the  liver  distillate  gave  the  smallest 
amount  of  color  in  all  twenty-seven  cases,  i.  e.,  in  all  instances  the 
activity  of  the  liver  in  disposing  of  phenol  was  greater  than  that  of 
any  of  the  remaining  organs  studied.  In  Table  I  in  which  the  organs 
are  airanged  in  series,  according  to  the  color  reactions  of  their  distil- 
lates, this  fact  is  clearly  brought  out  by  the  circumstance  that  all  the 
livers  are  to  be  found  in  the  nght-hand  column.  The  table  shows 
further  that  the  kidney  occupies  the  next  place  to  the  liver  as  regards 
activity.  Of  the  twenty-six  cases  in  which  the  kidney  was  studied  it 
comes  into  the  column  next  that  of  the  liver  in  eighteen.     In  the  next 


( '.   A.   ITorter  mid  A.   -I.    W'nkciiinn 


;;()!» 


coliiinii  the  iiiii.-;ol('  ooours  sixtoeii  times.  In  the  next  colniiiii  in  the 
left  the  blocnl  i-^  touiul  in  twelve  cases.  In  the  next  (••ihiinii  to  llie 
left  the  brain  is  found  eleven  times.  Finally,  in  the  lirst  column  are 
seen  all  the  control  observations  made  upon  blank  solutions  of  phenol 
like  those  that  we  used  in  the  contacts.  In  most  instances  it  was 
possible  to  obtain  a  gradation  of  color.  Where  diiferent  tissues  gave 
the  same  tint,  this  is  indicated  l\v  the  line  drawn  under  the  letters 
designating  these  tissues. 
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Thus  it  is  evident  that  in  all  instances  the  blood,  brain,  muscle, 
kidney  and  liver  exerted  some  influence  in  transforming  a  certain 
amount  of  phenol  so  that  it  no  longer  responded  tO'  Millon's  reagent. 
The  results  show  very  clearly  that  in  point  of  activity  the  liver  leads, 
with  the  kidney  a  close  second  and  the  muscle  third.  The  blood  and 
brain  occupy  the  fourth  and  fifth  places,  although  they  are  both  less 
active  than  the  muscle.  The  brain  and  blood  are  much  alike  in  their 
behavior  and  appear  to  exert  little  action  on  the  phenol,  Ou  the  other 
hand,  the  action  of  the  liver  is  often  sufiicient  to  yield  only  a  A^ery 
feeble  color  reaction  with  a  solution  of  the  strength  employed. 

Looking  now  at  the  results  in  the  case  of  indol  (Table  II)  it  is  seen 
by  the  table  that  here  there  is  less  uniformity  than  in  the  case  of 
phenol.  There  are  thirty  obseiwations  in  all,  but  in  many  of  these  a 
gTadation  of  color  through  the  series  is  impossible,  so  that  many  ties 
are  noted  in  tlie  table.  Taking  the  liver  first,  it  is  seen  that  there  are 
eleven  cases  in  which  it  leads  in  activity.  Twice  it  is  tied  with  the 
kidney,  once  with  the  brain,  twice  ^^'ith  muscle  and  brain,  twice  Avith 
kidney  and  brain,  and  once  with  kidney,  muscle  and  blood.  In  spite 
of  these  ties,  however,  it  is  clear  that  the  liver  leads  the  other  organs  in 
activity.  But  the  kidney  is  a  very  close  second  and  is  found  five  times 
in  the  column  indicating  the  greatest  activity. 

Without  going  into  further  detail,  it  may  be  stated  that  notwith- 
standing numerous  irregularities,  the  table  indicates  that  the  order  of 
activity  of  the  cells  acting  on  indol,  is  as  follows:  liver,  kidney,  muscle, 
brain  and  blood.  Between  the  activity  of  brain  and  muscle  there 
seems  little  difference. 

In  one  respect  these  results  differ  from  those  obtained  in  the  case  of 
phenol, — the  blood  shows  the  smallest  action  of  any  member  of  the 
series,  a  degree  of  activity  apparently  less  than  in  the  case  of  phenol. 

Isolated  trials  of  the  activity  of  the  epithelium  lining  the  small  intes- 
tine of  the  rabbit  indicate  that  these  cells  possess  a  high  grade  of 
effectiveness,  comparable  to  that  of  liver  cells.  The  cells  of  the  spleen 
pulp  are  similarly  but  somewhat  less  active.  Obseiwations  were  also 
made  with  potato  in  order  to  ascertain  whether  the  properties  noted  in 
animal  cells  pertain  also  to  vegetable  tissues.     The  results  indicate  a 
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uioderatc  de-ive  of  activitj  on  the  part  of  polalu  in  tran^funiiiiig 
plienol.  Similar  trials  with  egg  albmnen  showed  al)solutely  no  acti.jn 
on  the  j.art  of  tlie  proteid  material.  Experiments  with  gelatine  gave 
entirely  negative  results. 
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Experiments  were  made  to  establish  the  influence  of  the  time  ele- 
ment in  the  contact  procedure.  In  some  instances  the  duration  of  the 
contact  was  twentv-four  hours.  The  organ  pulps  subject  to  this 
long  exposure  showed  no  greater  action  than  those  exposed  for  only 
one  hour.  There  is  good  evidence  that  the  action  is  normally,  com- 
plete at  the  end  of  the  hour  and  that  the  gi*eater  part  of  the  trans- 
formation occurs  in  the  first  few  minutes.  Organ  pulps  protected 
against  putrefactive  change  show  very  little  diminution  in  activity 
even  after  the  lapse  of  several  days. 

The  Infusion  Method. — The  second  method  employed  in  the  study 
of  the  action  of  the  diiferent  organs  on  phenol  and  indol  consists  of 
making  intravenous  infusions  of  solutions  of  these  substances. 
Usually  the  injections  were  made  until  nervous  symjDtoms  appeared. 
The  animals  were  then  killed  promptly  and  definite  weights  of  the 
liver,  kidney,  muscle,  brain  and  blood  were  subjected  to  distillation. 
Color  tests  were  then  made  on  the  distillates,  so  that  the  quantity  of 
phenol  and  indol  found  in  the  different  tissues  might  be  roughly  com- 
pared. In  order  to  minimize  the  influence  of  an  admixture  of  blood 
with  the  cell  pulps  the  animals  were  bled  to  death. 

It  is,  of  course,  e\adent  that  owing  to  the  time  that  must  elapse 
between  the  death  of  the  animals  and  the  beginning  of  distillation, 
some  transformation  must  go  on  during  tlie  interval,  and  thus  give  rise 
to  a  source  of  error  in  the  results.  The  operations  were,  however, 
earned  on  with  the  smallest  delay  and  it  does  not  seem  probable  that 
this  source  of  eiTor  can  seriously  influence  the  results. 

A  review  of  the  results  shows  that  there  is  much  confusion  in  the 
order  of  the  color  tints.  jSTevertheless  a  certain  degree  of  order  can  be 
observed  in  the  gTadation  of  color.  The  muscle  occurs  in  the  right 
hand  column  in  ten  of  eighteen  obseiwations  made  with  phenol  and 
in  three  further  observations  the  muscle  is  tied  with  the  blood  or  liver. 
There  is  thus  no  doubt  that  the  muscle  distillates  in  these  experiments 
exhibit  less  color  than  those  of  any  other  organ.  The  intei'pretation 
of  this  result  is  not  entirely  clear.  It  may  be  due  to  the  fact  that  less 
phenol  has  passed  into  the  muscles  from  the  blood  or  it  may  be  due  to 
the  fact  that  the  phenol  entering  the  muscles  is  more  rapidly  trans- 
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I'tii-iiK'il  than  the  iiliciKil  wliicli  goes  elsewhere.  'Vhv  results  of  the  con- 
tact experiments  are  perhaps  of  help  in  the  interpretatinn  of  the  be- 
havior of  the  muscle.  It  will  be  recalled  that  these  observations 
showed  the  mnscles  to  be  less  active  than  the  liver  or  kidney.  Unless, 
therefore,  we  assume  that  the  activity  of  the  muscles  is  relatively  less 
outside  the  body  than  when  the  bluod  is  passing  through  them,  it 
appears  probable  that  the  muscle  takes  up  less  of  the  phenol  than  do 
other  organs.  According  to  this  vicAV  the  position  of  the  muscle  in 
the  injection  experiments  would  be  largely  due  to  their  slighter  absorp- 
tion of  phenol  from  the  blood. 

As  regards  the  position  of  the  kidney,  liver,  brain  and  blood  in  the 
phenol  injection  experiments,  it  is  difficult  to  establish  a  definite  order 
in  the  color  results.  The  liver  and  kidney  in  the  average  of  results 
appear  not  to  differ  much.  Both  show  more  color  than  the  muscles. 
This  cannot  be  attributed,  in  the  light  of  the  contact  experiments,  to  an 
inferior  ability  to  transform  the  phenol,  but  is  due  rather  to  the  greater 
storage  of  phenol  in  these  organs  during  the  injection.  Finally  the 
brain  and  blood  show  a  still  stronger  coloration  than  the  liver  and 
kidney.  This  is  not  sui-prising,  as  the  contact  experiments  clearly 
indicate  that  the  blood  and  brain  are  comparatively  inactive.  In  our 
injection  experiments  sufficient  time  has  not  elapsed  for  the  with- 
drawal of  all  the  phenol  from  the  blood. 

The  observations  relating  to  the  infusion  of  indol  resemble  those 
with  phenol  in  the  irregiilarity  of  the  results.  Certain  facts  neverthe- 
less stand  out  clearly.  In  the  case  of  the  indol  as  A\'ith  the  phenol 
injection,  the  muscle  is  generally  found  to  contain  less  of  the  infused 
substance  at  the  end  of  the  infusion  than  any  other  tissue.  Here 
again  some  difficulty  arises  in  interpreting  the  results.  Is  the  small 
content  of  indol  due  to  small  absorption  or  to  active  tranformation  into 
some  other  substance?  Referring  to  the  experiments  with  the  indol 
contacts,  it  will  be  recalled  that  the  muscle  exerts  less  energy  in  trans- 
foi-ming  indol  than  either  the  liver  or  the  kidney.  Unless,  therefore, 
the  absorption  of  indol  were  less  than  in  the  case  of  the  kidney  and 
liver  the  position  of  the  muscle  in  the  series  could  not  be  accounted 
for.     It  seems  probable  that  the  slighter  absoii^tion  together  ^^-ith  the 


314  Action  of  Cells  on  Phenol  and  Indol 

moderately  active  transforming  power  of  muscle  suffices  to  explain 
its  behavior. 

Another  fact  which  deserves  comment  is  the  position  of  the  liver  in 
the  series.  In  a  veiy  large  proportion  of  cases,  the  liver  yielded  more 
color  than  any  other  tissue.  This  striking  result  can  hardly  be 
accounted  for  except  on  the  ground  that  the  liver  is  more  active  than 
any  other  tissue  in  removing  indol  from  the  blood.  There  certainly  is 
no  reason  to  think  the  liver  less  active  than  other  tissues,  if  we  can  be 
guided  by  our  contact  experiments.  Our  inference  is  that  the  liver 
takes  indol  from  the  blood  much  more  actively  than  it  does  phenol. 
The  ability  of  the  liver  to  dispose  of  the  indol  stored  up  at  the  end  of 
Tthe  infusion  is  illustrated  by  the  fact  that  if  the  animal  be  not  killed 
until  the  lapse  of  twenty  or  thirty  minutes,  the  amount  of  indol  stored 
in  the  liver  is  no  greater  than  that  found  in  the  other  organs.  This 
^act  has  been  verified  by  numerous  observations. 

The  following  observation  has  reference  to  the  exceptional  behavior 
dT  the  tissues  in  an  individual  animal.  As  an  example  of  individual 
variation  on  the  part  of  the  cells  it  appears  of  sufficient  importance  to 
be  mentioned  here.  A  rabbit  weighing  1900  grammes  received  an  in- 
fusion of  saturated  indol  solution  at  the  rate  employed  in  other  observa- 
tions. Before  the  injection  was  begun  the  animal  seemed  unusually 
nervous.  After  the  injection  was  begun,  spasm  came  on  early  and  the 
pupils  became  very  small.  The  irritative  symptoms  soon  wore  away 
but  the  animal  continued  restless.  The  total  amount  of  the  infusion 
was  28  c.  c.  of  a  saturated  solution  in  water.  The  animal  died  half  a 
minute  after  the  close  of  the  injection,  and  was  bled  from  the  heart. 
The  striking  peculiarity  in  the  behavior  of  this  animal  during  the  in- 
fusion was  that  the  nervous  symptoms — spasm,  contracted  pupil  and 
restlessness — came  on  much  earlier  than  is  usual.  Another  peculiarity 
of  the  animal  was  the  readiness  with  which  the  muscle  substance  could 
be  torn. 

On  studying  the  organs  in  reference  to  their  content  of  indol,  it  was 
found  that  the  kidneys,  the  liver  and  the  muscle  contained  only  the 
smrllest  traces  of  indol.  The  blood  and  the  brain  on  the  other  hand 
contained  a  large  amount  of  indol,  that  is,  they  yielded  a  strong  color 
reaction.  This  behavior  on  the  part  of  the  various  tissues  is  quite  with- 
out parallel  in  our  experience.  It  is  evident  that  in  this  case  the  liver, 
kidnev  and  muscle  were  unable  to  remove  indol  from  the  blood  with  the 
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\\<u:\\  itr()in})tiUuU'.  Tho  lirain  on  the  other  hand,  took  out  a  larger 
amount  than  is  usual  and  one  is  tempted  to  connect  the  very  pronounced 
nervous  symjitonis  ol)served  in  this  animal  with  the  relatively  large  quan- 
tity of  indol  found  in  the  brain.  It  also  seems  likely  that  the  inaliility 
of  the  liver,  kidney  and  muscle  to  remove  the  poison  from  the  blood  was 
dependent  on  some  constitutional  peculiarity. 

Nature  of  the  Action  Exerted  Jjy  tlie  Cetls. — In  the  course  <•£  the 
preceding  pages  reference  has  re}>eatedly  been  made  to  the  activity  of 
the  liver,  kidney,  muscles,  etc.,  in  effecting  the  transformation  of 
phenol  and  indol.  A\niat  is  the  nature  of  this  transformation  which 
leads  to  the  disappearance  of  a  portion  of  the  i)honol  and  indol  brought 
into  relation  ^^dth  the  living  cells?  This  question,  which  has  a  high 
degree  of  biological  interest,  cannot  at  present  be  satisfactorily 
answered.  There  are,  however,  certain  facts  relating  to  the  subject 
which  may  be  bi'ieflj  considered  here. 

In  the  first  place,  it  is  clear,  from  the  obser\'ations  cited,  that  the 
processes  by  which  phenol  and  indol  are  altered,  are  carried  on  much 
more  actively  in  the  cells  of  the  liver  and  kidney,  and  probably  also  in 
those  of  the  muscle,  than  in  the  blood.  The  property  of  effecting 
these  changes  is  unquestionably  inherent  in  the  cells  themselves  and 
the  transformation  in  the  organism  must  occur  in  the  blood  in  com- 
paratively slight  degree.  This  fact  is  in  accord  with  the  teaching 
of  modern  physiology  in  reference  to  the  seat  of  the  oxidizing  changes 
that  occur  within  the  body  during  life. 

In  recent  years  several  investigatoi-s  have  devoted  attention  to  the 
nature  of  the  oxidizing  processes  that  are  carried  on  in  the  cells.  The 
methods  and  results  of  certain  of  these  obseiwei's  have  some  resem- 
blance to  the  methods  and  results  that  have  been  refeiTed  to  in  this 
paper. 

Jaquet  *  appears  to  have  been  the  first  to  make  observations  as  to  the 
occurrence  of  oxidating  processes  in  cells  that  have  been  removed  from 
the  body.  He  found  that  in  lungs  cut  out  of  the  body,  one  gramme  of 
benzyl  alcohol  added  to  blood  circulating  experimentally  through  the  or- 
gans was  oxidized  and  j'ielded  185  grm.  of  benzoic  acid.     Jaquet  found 

*  Ueber  die  Bedingungen  der  Oxydationsvorgange  in  den  Geweben,  Arch, 
f.  cxp.  Path.  u.  Pharm.,  1S92,  xxix,  p.  3S6. 
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that, the  oxidation  was  as  complete  if  normal  salt  solution,  instead  of 
blood,  was  employed  as  the  circulating  fluid.  Moreover  he  found  that 
the  tissues  of  the  horse  (kidney  and  muscle)  were  active  even  after  im- 
mersion in  80  per  cent  alcohol  for  1-i  days,  and  that  an  extract  of  fresh, 
or  alcohol-hardened,  tissues  in  salt  solution  possessed  good  oxidizing 
powers.     These,  however,  were  lost  by  boiling. 

Jamagiwa,*  a  pupil  of  Salkowski,  soon  confirmed  the  results  of  Jaquet. 
He  found  that  different  tissues  were  active  in  the  following  order  of  de- 
crease: (1)  spleen,  (2)  liver,  (3)  kidney,  (4)  pancreas,  and  (5)  muscle. 
Then  W.  Spitzer  f  found  that  extirpated  tissues  in  general  have  the 
power  of  inducing  certain  oxidative  syntheses,  for  example,  the  synthesis 
of  naphthol  and  paraphenyl  diamine  to  form  an  indophenol. 

In  recent  papers  W.  Spitzer  f  attributes  the  oxidizing  action  of  the 
cell  to  its  nucleoproteid.  He  finds  that  certain  constituents  of  the  pro- 
teid  molecule,  such  as  histon,  also  possess  the  oxidizing  power,  and 
reaches  the  conclusion  that  the  presence  of  iron  is  essential  to  these 
activities. 

Salkowski  X  in  his  more  recent  work  concludes  that  the  ferment  whose 
action  is  noted  in  the  case  of  cells  removed  from  the  body  cannot  be 
identical  with  the  oxidizing  ferment  of  living  cells  because  they  do  not 
oxidize  certain  substances  which  are  readily  converted  in  the  living 
body.  This  is  true,  for  example,  of  the  oxidation  of  phenylpropionic 
acid  to  benzoic  acid. 

Such  evidence  as  we  now  possess  certainly  indicates  that  the  oxida- 
tive changes  cai-ried  on  bv  cells  removed  from  the  body  have  reference 
to  substances  that  are  readily  oxidized.  Thus  the  conversion  of 
benzyl  alcohol  to  benzoic  acid,  of  salicylaldehyde  to  salicylic  acid,  of 
arsenious  to  arsenic  acid,  of  benzol  to  phenol,  of  formic  aldehyde  to 
formic  acid,  and  of  methyl  to  formic  acid,  are  all  examples  of  compara- 
tively readily  induced  oxidations.  "\Ve  are  as  yet  unjustified  in  hold- 
ing that  such  changes  go  on  with  equal  ^-igor  in  cells  outside  the  body, 
<ind  in  the  fully  liWng  cells.     Similarly,  -with  reference  to  syntheses, 

*  Ueber  das  Oxydationsferment  der  Gewebe,  Centralbl.  f.  d.  ined.  Ui«- 
scmchaften,  1894,  xxxii,  p.  913. 

t  Die  zuckerzerstorende  Kraft  des  Blutes  imd  der  Gewebe,  Pfliiger's 
Archil',  1895,  Ix,  p.  303.  Die  Bedeiituiig  gewisser  Xucleoproteide  fiir  die 
oxydative  Leistung  der  Zelle,  Ibid..  180T,  Ixvii,  p.  615. 

i  Ziir  Kenntniss  des  Oxj'dationsferments  der  Gewebe,  Yirchow's  .4jc7(!r, 
1897,  cxlvii,  p.  1. 
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there  are  certainly  some  wliieli  the  extiri)ateJ  cells  caiinui  pcrt'unn. 
Sjiit/.cr  was  unable  to  coniirm  the  statement  that  the  synthesis  of  urea 
from  ammonium  salts  can  he  made  to  occur  out>i«lc  the  ImkIv.  Our 
work  with  indol  indicates  that  the  synthesis  of  indoxyl  i)Otassium  sul- 
phate cannot  be  aecomplished  by  extirpated  cells.  It  also  seems  im- 
probable that  the  dead  cells  convert  phenol  into  phenol-sulphuric  acid. 
Yet  we  know  that  these  syntheses  are  performed  in  the  organism, 
]>robably  by  the  very  cells  which  fail  to  eifect  them  outside  the  body. 
It  is  natural  to  ask  "whether  the  known  oxidative  activities  of  the  dying 
cells,  to  which  reference  has  already  been  made,  are  the  same  activities 
that  lead  to  the  disappearance  of  phenol  and  indol  during  contact 
experiments. 

The  order  observed  by  Spitzer,  Salkowski  and  others  in  the  activity 
of  the  different  cells  outside  the  body  agrees  closely  with  the  order 
observed  in  our  contact  experiments  with  phenol  and  indol.  This  fact 
suggested  that  the  changes  observed  in  the  case  of  phenol  arc  in  the 
nature  of  an  oxidative  transformation.  The  oxidation  of  phenol  leads 
to  the  formation  of  pyrocatechin  and  hydroqninone,  substances  which 
are  met  with  in  the  urine  under  certain  conditions  of  disordered 
metabolism.  With  a  \aew  to  detemiining  experimentally  whether 
such  a  transformation  goes  on  in  the  case  of  phenol  when  this  is 
brought  into  contact  with  fresh  cells,  ten  kilos  of  ox's  liver  were 
reduced  to  a  fine  pulp  and  brought  into  contact  with  a  solution  of 
phenol  and  subjected  to  the  contact  procedure  w^hich  has  already  been 
described.  After  a  sufficiently  long  period  of  contact  an  endeavor 
was  made  to  isolate  any  pyi-ocatechin  or  hydroqninone  which  might 
have  b^en  formed  during  the  period  of  contact.  It  was  found  im- 
possible to  recover  either  of  these  substances.  "With  the  method 
employed  it  would  have  been  possible  to  recover  these  bodies  had  they 
been  present  in  even  smaller  quantity  than  might  be  expected  from 
the  action  of  so  large  a  bulk  of  liver  cells  upon  phenol.'^  The  nega- 
tive results  obtained  indicate  that  the  disappearance  of  phenol  which 
occurs  after  contact  with  liver  tissue  does  not  depend  upon  a  process 
of  oxidation  into  dihydroxy-benzene.     This  conclusion  is  supported 

*  The  method  used  by  E.  Baumaini.  See  Hoppe-Seyler's  Handbiich  der 
1  hysiologisch-  und  Pathologisch-Chemischen  Analyse,   Berlin,   1893,  p.   160. 
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by  the  fact  that  phenol  introduced  into  the  circulation  leaves  the  body 
ordinarily  as  phenol  sulphuric  acid  and  not  as  hydroquinone  or  pyro- 
catechin. 

In  the  case  of  indol  it  is  thought  that  the  first  transformation  that 
occurs  in  the  organism  is  a  process  of  oxidation  into  the  indoxyl 
radical.  It  is  possible  that  this  oxidation  occurs  in  the  liver  but  this  is 
by  no  means  certain.  If  this  be  the  case  the  action  of  the  cells  is 
perhaps  comparable  to  the  oxidative  processes  that  have  been  studied 
by  Spitzer  and  others.  In  what  follows  no  further  reference  "s^dll  be 
made  to  the  fate  of  indol  when  acted  upon  by  living  cells.  Attention 
will  be  confined  to  the  discussion  of  the  action  of  the  cells  upon  phenol, 
an  activity  which  apparently  belongs  in  another  category  from  that 
displayed  toward  indol. 

The  view  held  by  Spitzer  and  by  Salkowski  that  the  oxidation  which 
occurs  thi'ough  the  action  of  cells  is  dependent  on  the  presence  of  a 
ferment,  raises  the  question  whether  such  an  agency  -will  explain  the 
behavior  of  cells  toward  phenol.  The  following  facts  bear  directly 
upon  this  problem:  Seven  granmies  of  liver  reduced  to  a  pulp  were 
brought  into  seventy-five  cubic  centimetres  of  absolute  alcohol  for  one 
hour.  The  usual  amount  of  phenol  was  then  added  to  the  liver  pulp, 
and  after  a  time  subjected  to  distillation.  The  activity  of  the  liver  was 
slightly,  but  only  slightly,  impaired.  In  another  exi>eriment  the  usual 
amount  of  liver  was  boiled  in  fifty  cc.  of  distilled  water,  and  then 
brought  into  relation  with  phenol.  Only  the  slightest  falling  off  was 
noted  in  the  action  of  the  liver.  In  another  case  the  liver  was  exposed 
to  hot  air,  the  temperature  of  the  oven  being  gradually  brought  to 
170°  and  kept  there  for  twenty  minutes.  On  exposure  to  the  action 
of  phenol,  the  liver  showed  no  appreciable  reduction  in  activity. 
Again,  seven  grammes  of  the  liver  were  boiled  with  water,  filtered  hot, 
boiled  again  with  water  and  filtered,  and  then  boiled  a  third  time  and 
filtered.  The  pulp  remaining  on  the  filters  showed  itself  capable  of 
acting  upon  phenol  with  only  a  slight  diminution  in  power.  A  test  of 
the  watery  extract  of  the  liver  showed  that  it  exerted  only  a  very 
slight  influence  on  phenol.  Other  trials  made  by  bringing  ten  cc.  of 
bichloride   of  mercury  into  relation  mth  seven   grammes  of   liver 
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showed  that  this  proct'diire  unlv  sli-^htly  (liiiiiiii>hi's  the  activity  of  the 
cells. 

Similar  ohfsorvations  inndc  witli  a  '>0  yw  cent  solution  of  concon- 
trated  suli>lniri('  acid  yielded  the  same  results.  A  10  per  cent  solution 
of  nitrate  of  silver  was  entirely  without  etfet-t.  In  the  case  of  the 
experiments  with  bichloride  of  mercuiy,  sulphuric  aeid  and  nitrate  of 
silver,  the  time  of  exposure  of  the  liver  cells  was  one  hour. 

Tu  view  of  the  facts  just  cited  it  appears  in  the  highe^st  tlegree  im- 
probable than  any  considerable  ferment  action  can  be  attributed  to  the 
liver  cells  in  connection  -with  their  behavior  toward  ])lienol.  Another 
consideration  which  harmonizes  with  this  conclusion  is  the  fact  that  it 
is  possible  to  completely  exhaust  the  activity  of  the  liver  cells  by 
repeated  exposure  to  the  action  of  phenol. 

Although  no  wholly  satisfactory  explanation  can  be  advanced  as  to 
the  nature  of  the  i^henomenon  under  discussion,  one  is  led  to  speculate 
whether  we  have  not  to  deal  with  some  loose  coml)ination  of  the 
phenol  molecules  with  the  molecules  of  the  cell  substance.  That  the 
combination  between  the  cells  and  phenol  is  a  loose  one,  is  suggested 
by  the  fact  that  phenol  absorbed  from  the  intestine  or  injected  into  the 
circulation,  reappears  in  the  urine  as  phenol  sulphuric  acid,*  It 
would  also  apj)ear  that  the  protoplasm  of  the  cell  sulfers  no  damage 
when  exposed  to  the  action  of  phenol  within  physiological  limits.  The 
product  formed  by  this  combination  of  phenol  with  the  cell  substance 
may  jjerhaps  be  likened  to  some  of  the  numerous  addition  products 
known  to  chemistry. 

The  belief  that  the  combination  of  phenol  with  the  living  protoplasm 
of  the  liver  cells  is  a  loose  one,  harmonizes  well  with  the  rapid 
elimination  of  phenol  following  the  introduction  of  this  substance  into 
the  cii'culation.       It  is  obvious  that  it  would  be  advantageous  to  the 

*  The  phenol  which  enters  the  organism  leaves  the  bodj'  almost  quanti- 
tatively- in  the  form  of  phenol,  as  is  well  shown  by  the  following  experi- 
ment: Into  a  large  rabbit  .080  grammes  of  phenol  in  watery  solution  were 
injected  intravenously.  The  \irine  was  collected  for  twenty-four  hours 
and  the  phenol  contained  in  the  urine  Avas  determined  by  means  of  the 
iodine  and  sodium  thiosulphate  method.  The  quantity  of  phenol  recov- 
ered was  .0817  grms.  It  is  possible  that  a  few  milligrammes  of  this  phenol 
were  derived  from  the  intestine  of  the  animal.  The  observation  indicates, 
however,  that  the  greater  part  of  the  phenol  introduced  was  recovered. 
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organism  for  phenol  to  be  temporarily  held  by  the  hepatic  cells  while 
the  neutralization  of  the  poison  through  combination  with  sulphuric 
acid  is  taking  place.  The  manner  in  which  such  an  arrangement 
would  protect  the  neiwous  system,  which  is  highly  sensitive  to  the 
action  of  phenol,  is  sufficiently  evident. 

One  other  fact  deseiwes  mention  in  this  connection.  This  has 
reference  to  the  hypothesis  advanced  by  O.  Loew'*  that  phenol  acts 
upon  liWng  protoplasm  by  entering  into  combination  mth  the  labile 
gToups  which  it  contains,  and,  especially,  groups  possessing  an  alde- 
hyde stnicture.  "With  a  view  to  testing  this  hypothesis  the  liver  cells 
were  subjected  to  the  action  of  solutions  of  hydroxylamine,  which 
enters  readily  into  combination  wdth  aldehydes.  Liver  pulps  treated 
in  this  way  showed  themselves  to  be  as  active  or  nearly  as  active  in 
the  convei'sion  of  phenol  as  normal  livers. 

In  conclusion  the  opinion  may  be  ventured  that  whatever  may 
ultimately  be  learned  of  the  nature  of  the  phenomenon  under  discus- 
sion, it  is  likely  that  the  capacity  of  cells  to  act  upon  phenol  is  only 
one  expression  of  a  function  that  can  be  exerted  upon  numerous  allied 
aromatic  substances,  and  it  is  even  possible  that  a  similar  action  tnay  be 
exerted  upon  some  non-aromatic  bodies. 

Action  of  Hepatic  Cells  under  Pathological  Conditions. — As  already 
mentioned  the  degree  of  action  exerted  by  the  liver  cells  upon  phenol 
and  indol  is  fairly  unifonn.  This  fact  suggested  the  possibility  of 
recognizing  alterations  in  the  capacity  of  the  liver  cells  to  transform 
these  substances  under  pathological  conditions.  It  was,  therefore, 
determined  to  make  a  series  of  studies  of  the  liver  cells  of  animals 
which  had  been  subjected  to  different  pathological  influences.  These 
observations  include  a  study  of  the  effects  of  prolonged  anaesthesia,  of 
poisoning  by  alcohol,  ammonium  chromate,  morphine,  etc.,  and  of 
staphylococcus  infection. 

It  is  clear  that  it  is  a  matter  of  considerable  theoretical  interest  to 
know  whether  a  definite  impairaient  of  functional  activity  in  the  cells 
of  the  liver  and  kidney  is  bound  up  with  pathological  influences  like 
those  just  named.      Efforts  were,  therefore,  made  to  reach  a  decision 

*  Ein  natiirliches  System  der  Gift-Wirkung-en,  ^Uinchen,  1S93,  p.  48. 
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upon  this  question  although  the  diHiculties  attending  these  efforts  were 
ft)und  to  be  somewhat  discouraging. 

The  chief  difficulty  arises  from  tlie  fact  that  the  difFerences  between 
the  action  of  the  normal  and  the  pathological  tissues  are  not  great. 
'J'his  is  what  might  have  been  expected  in  A-iew  of  the  resistance 
exerted  by  cells  to  the  action  of  sulphuric  acid,  alcohol,  etc.  In  order 
to  establish  the  existence  of  such  slight  vanations  from  the  normal  it 
was  found  necessaiy  to  exercise  great  caution  in  making  comparisons 
between  the  distillates  from  the  noraial  and  the  presumably  pathologi- 
cal organs.  It  was  soon  found  that  the  difFerences  in  the  action  of  the 
kidneys  and  muscles  were  usually  so  slight  in  the  pathological  cases,  as 
compared  with  the  normal,  that  no  inferences  could  usually  be  made. 
Only  in  the  case  of  the  liver — the  organ  in  which  action  upon  phenol 
and  indol  is  the  most  energetic  in  conditions  of  health — was  it  possible 
to  obtain  satisfactorily  results. 

The  distillates  from  the  livei-s  of  pathological  animals  obtained 
through  the  "  contact  method. "  already  described  were  compared  not 
merely  with  individual  distillates  from  the  liver  of  nomial  animals,  but 
also,  in  many  instances,  with  mixtures  of  the  distillates  of  the  liver 
from  many  different  animals.  Great  care  was  taken  to  make  the  con- 
ditions of  the  experiments  the  same  as  regards  freshness  of  the  organs, 
duration  of  the  contact,  quantity  of  distillates,  amount  of  reagent 
added  to  give  color,  etc. 

Anaesthesia  hy  Ether  and  Chloroform. — The  observations  upon 
ether  and  chloroform  included  fifteen  cases  in  which  ether  was  used 
for  anaesthesia  and  nine  cases  in  w^hich  chlorofonn  was  employed.  Of 
the  fifteen  cases  of  anaesthesia  the  liver  cells  were  brought  into  contact 
with  phenol  in  eleven,  with  indol  in  four.  Of  the  nine  cases  of 
chlorofonn  anaesthesia  the  livers  were  subjected  to  the  action  of 
phenol  in  four  cases,  to  that  of  indol  in  five. 

The  rabbits  subjected  to  etherization  were  kept  under  the  influence 
of  the  anaesthetic  for  periods  varying  from  five  minutes  to  five  hours 
in  different  cases.  Although  in  four  of  the  nine  instances  in  which 
phenol  contacts  were  made,  the  liver  did  not  show  the  greatest  activity 
of  any  member  of  the  series,  in  the  remaining  cases  the  liver  main- 
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taiiied  its  place  as  tlie  most  active  organ.  In  most  instances,  how- 
ever, the  transformation  of  phenol  "was  distinctly  less  than  that  effected 
by  nonnal  livers  employed  as  controls.  A  similar  difference  was  noted 
in  the  case  of  three  of  the  four  indol  contact  observations.  In  the 
fonrth  case  where  the  animal  had  been  under  ether  for  two  houre  and 
a  quarter  the  brain,  blood,  liver,  kidney  and  muscle  showed  ver}'- 
slight  differences  in  activity  and  the  inference  seems  warranted  that 
the  activity  of  the  liver,  muscle  and  kidney  are  all  below  the  normal. 

Xhe  observations  upon  chloroform  anaesthesia  give  even  more  defi- 
nite results  than  those  ■^\4th  ether.  In  two  of  the  four  cases  where 
phenol  was  used  (the  animals  being  anaesthetized  for  three  hours)  the 
liver  gave  e^'idence  of  lessened  activity.  In  the  two  remaining  cases 
the  liver,  muscle  and  blood  showed  little  or  no  difference  in  activity, 
a  condition  indicating  that  both  liver  and  muscle  were  less  active  than 
normal.  In  four  of  the  five  obsen'ations  with  indol  the  liver  was  dis- 
tinctly less  active  than  the  nonnal  controls.  In  the  fifth  case  the 
result  was  just  the  reverse. 

Taking  the  results  of  these  experiments  with  anaesthesia  as  a  whole 
there  can  be  no  doubt  that  the  prolonged  action  of  ehlorofoitn  and  of 
ether  depresses  the  acti'\^ty  of  the  liver  in  the  conversion  of  phenol  and 
indol.  In  exceptional  instances  it  is  not  possible  to  detect  this  influ- 
ence but  the  exceptions  are  so  few  that  they  do  not  affect  the  general 
result. 

Poisoning  hij  Alcohol. — Ten  observations  were  made  upon  rabbits 
which  had  been  subjected  to  the  action  of  subcutaneous  injections  of 
25  per  cent  alcohol.  The  periods  of  intoxication  varied  from  a  few 
hours  to  four  days.  The  dose  of  alcohol  was  large  in  every  instance 
and  the  animals  were  well  under  the  influence  of  the  poison.  Thus  in 
several  cases  the  animal  received  160  cc.  of  25  per  cent  alcohol  in 
three  days  and  lay  in  a  stupor  most  of  the  time. 

Two  of  the  ten  obseiwations  were  made  with  indol,  eight  witli 
phenol.  The  periods  of  contact  were  varied  from  two  to  twenty  hours 
in  certain  instances,  the  other  conditions  of  the  experiment  being  kept 
the  same,  but  no  differences  in  the  results  were  detected  which  were 
referable  to  the  differences  in  the  leno-th  of  contact.     In  a  few  cases 
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tlio  iU'ti\il\  of  ilu'  liver  was  less  than  that  ul"  the  iKiniial  cuiitrols,  l»ut 
more  often  no  tlistinet  falling-  oft"  from  tlu'  normal  cniild  he  (lete<-te(l, 
Althongli  Ave  are  not  prepared  to  state  that  acute  intoxication  from 
alcohol  is  wholly  devoid  of  effect  upon  the  liver's  action  on  jihenol, 
our  obsen-ations  make  it  likely  that  there  is  either  no  influence  of  this 
kind  or  that  it  is  very  slight. 

Poisoning  by  Eicin. — Thirteen  trials  were  made  to  determine 
whether  ricin  poisoning  exerts  any  inflticnee  on  the  ability  of  the  liver 
to  dispose  of  phenol  and  indol.  It  was  thought  probable  that  such  an 
influence  woidd  be  discernible  as  ricin  has  been  shown  to  cause  well- 
defined  histological  changes  in  the  liver,  kidney,  etc.*  The  dose 
employed  was  unfortunately  too  large  (.001  giin.  to  the  kilo)  and 
the  duration  of  the  poisoning  was  too  short  (less  than  thirty  hours)  to 
develop  the  degenerative  lesions  refeiTcd  to.  The  results  in  the 
thirteen  cases  were  negative. 

Ammonium  Cliromate. — Observations  were  made  npon  four  rabbits 
poisoned  wdtli  ammonium  chromate.  The  animals  received  two  doses 
hypodermically  of  .025  ammonium  chromate  and  were  killed  on  the 
third  day.  The  behavior  of  the  liver  cells  did  not  positively  differ 
from  that  of  normal  cells  subjected  to  the  same  process  of  contact  with 
phenol  and  indol  pre^dous  to  distillation. 

Staphylococcus  Infection. — The  influence  of  staphylococcus  infec- 
tion was  studied  in  two  cases.  The  rabbits  received  five  cc.  each  of 
a  culture  of  Staphylococcus  pyogenes  aureus  gTOw^n  two  days  in  bouil- 
lon. The  organism  was  obtained  from  a  patient  with  follicular  ton- 
silitis.  The  animals  were  j)enuitted  to  live  one  week,  during  which 
time  they  lost  considerable  weight.  They  w-ere  then  killed  by  bleed- 
ing and  the  tissues  subjected  to  the  usual  procedure.  In  both  cases 
the  differences  in  the  acti\dty  of  the  brain,  blood,  muscle,  kidney  and 
liver  were  less  than  is  usual  in  normal  series.  The  distillate  from  the 
livers  in  the  two  cases  was  more  colored  than  is  usual  in  the  case  of 
normal  livei*s. 

These  obseiwations  appear  to  indicate  that  in  staphylococcus  septi- 

*  Flexnei",  The  Histological  Changes  Produced  bj'  Kicin  and  Abrin  Intox- 
ications, Journal  of  Experimental  Medicine,  IS'JT,  ii,  p.  197. 
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ciemia  there  is  some  impairment  of  the  activity  of  the  liver  and  kidnev, 
])ut  they  can  hardly  be  looked  upon  as  conclusive. 

Morphine  Poisoning. — Eight  obsen-ations  were  made  upon  rabbits 
nnder  the  influence  of  morphine.  The  animals  received  from  five  to 
eight  grains  of  sulphate  of  moq^hine.  Some  of  the  animals  lived  only 
a  few  hours,  others  lived  as  long  as  two  days.  In  four  instances  the 
activity  of  the  liver  as  compared  A^ath  that  of  normal  controls  was 
apparently  somewhat  lessened,  but  the  deviation  from  the  nonnal  state 
was-  very  slight.  In  eveiy  case  except  one  the  muscle  showed  greater 
capacity  for  transforming  phenol  than  did  the  normal  muscle.  In 
several  instances  the  difference  was  considerable  as  indicated  by  the 
color  reaction.  In  several  instances  the  kidney  also  showed  an  appar- 
ently increased  activity. 

Double  Nephrectomy. — In  five  instances  a  double  nephrectomy  was 
j)erfoiTaed  with  a  view  to  seeing  whether  the  removal  of  the  kidneys 
is  instnimental  in  impairing  the  acti^dty  of  the  liver.  The  animals 
were  killed  in  from  twenty-two  to  twenty-four  hours.  In  all  cases  the 
liver  showed  a  slight  falling  off  in  actiA'ity  as  compared  with  nonnal 
controls.  The  muscle  and  kidney,  as  in  the  case  of  morphine  poison- 
ing, showed  in  all  cases  somewhat  greater  capacity  than  usual  but  the 
differences  were  slight 

Infusion  of  One  per  cent  Acetic  acid  Solution. — With  a  view  to 
learning  whether  a  reduction  in  the  alkalinity  of  the  blood  has  any 
influence  upon  the  liver,  a  1  per  cent  solution  of  acetic  acid  in  a  1  per 
cent  solution  of  sodium  chloiide  was  infused  intravenously  at  the  rate 
of  5  ec.  a  minuj:e.  The  animal,  a  medium  sized  dog,  went  into  coma 
before  the  completion  of  the  infusion,  which  consisted  of  130  cc. 
The  animal  excreted  no  urine  during  the  period  of  injection.  It  was 
found  that  the  acti\dties  of  the  liver,  brain  and  muscle  were  about  the 
same  and  distinctly  inferior  to  the  action  of  the  kidney.  A  similar 
relationship  has'  not  been  obseiwed  in  nonnal  dogs  and  it  seems 
jDrobable  that  the  infusion  of  acid  distinctly  reduced  the  activity  of  the 
liver. 

A  similar  obsei-vation  with  acetic  acid,  conducted  on  a  large  rabbit, 
gave  a  result  comparable  to  that  just  noted  in  the  case  of  the  dog. 


C.   A.   Ilerter  and  A.   -J.    Wakcinau  325 

Benzoic  Aldehyde  Poisoning. — In  these  instances  a  saturated  solu- 
tion of  benzoic  aldehyde  in  water  (1  part  to  30)  was  infused  into  the 
venous  circulation  at  the  rate  of  5  cc.  per  minute,  until  the  animals 
died  after  developing  symptoms  of  poisoning.  The  quantity  of  the 
solution  infused  varied  from  80  to  210  cc.  in  the  different  cases.  The 
livers  from  these  rabbits  showed  some  falling  off"  in  relation  to  their 
action  on  phenol.  It  was  found,  however,  that  the  benzoic  aldehyde 
employed  in  the  ex])eriments  gaA^e  a  slight  reaction  witli  Milloii's 
reagent,  and  it  is  therefore  possible,  though  not  probable,  that  the 
abnormal  behavior  of  the  liver  depends  on  the  presence  of  phenol  in 
the  benzaldehyde  in  addition  to  the  phenol  added  in  the  course  of 
the  contact  procedure.  It  is  to  be  regretted  that  this  source  of  error 
exists,  as  it  would  be  interesting  tO'  know  whether  the  exhaustion  of  the 
oxidative  activity  of  the  liver  upon  a  readily  oxidizable  substance  like 
benzaldehyde  necessarily  causes  impairment  of  the  ability  to  trans- 
fonn  or  bind  phenol. 

Infusion  of  Urea. — Infusions  of  urea  were  made  in  several  in- 
stances ^^dth  a  view  to  overworking  the  kidneys  and  observing  whether 
such  overwork  causes  any  impaimient  in  the  activity  of  the  kidney  in 
converting  phenol.     The  results  obtained  w^ere  wholly  negative. 

In  addition  to  the  various  experimental  observ^ations  recorded  above, 
a  number  of  trials  were  made  upon  fatty  and  cirrhotic  livers  from 
human  subjects.  Owing  to  the  delay  incidental  in  obtaining  human 
material  after  death  it  was  impossible  to  obtain  satisfactory  results.  It 
may  be  stated,  however,  that  no  marked  deviations  from  the  normal 
capacity  of  the  liver  to  convert  phenol  were  observed  in  organs  the  seat 
of  the  most  advanced  structural  alterations. 

It  is  probably  safe  to  conclude  that  no  pathological  conditions  which 
can  be  induced  in  the  liver  during  life  are  capable  of  destroying,  or 
even  of  greatly  impairing,  the  activity  of  its  cells  in  effecting  the 
conversion  of  phenol.  What  is  true  of  phenol  in  this  connection  is 
likely  to  hold  good  of  indol.  This  ^dew  is  supported  by  the  few 
observations  which  have  been  made  on  indol. 

The  fact  that  this  converting  function  of  the  liver  is  not  greatly 
impaired  in  disease  might  perhajDs  have  been  predicted  from  what  has 
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already  been  said  of  the  remarkable  functional  resistance  wliicli  the 
liver  exhibits  to  the  influence  of  injurious  agencies  outside  the  body. 
This  preservation  of  function  in  disease  is  perhaps  merely  another 
expression  of  the  fundamental  biological  properties  which  we  have 
seen  manifested  by  cells  extirpated  from  the  body.  It  is  only  reason- 
able to  think  that  these  properties  are  closely  connected  with  the 
ability  of  the  body  cells  to  screen  the  organism  and  especially  the 
nei-vous  system  from  certain  poisons.  If  this  be  so,  the  phenomena 
referred  to  in  these  pages  deserve  further  study  from  pathologists. 


ox  THE  INTERPRETA'riOX  OF  PULSE-TRACINGS. 

By  AirniUll  K.  CUSll.NY. 
(From  the  PJianiKirnloijkal  Laboratory  of  the  Vnhcrsiti/  of  Michigan.) 

PLA.TES    XVI   A>D    XVII. 

The  physiology  of  the  inaiamnliaii  heart  has  advanced  mth  such 
rapid  strides  of  hite  years,  that  clinical  obsen^crs  have  apparently  had 
difficulty  in  keeping  pace  with  it,  and  but  little  attempt  has  been  made 
to  adapt  the  theories  of  the  experimental  investigators  to  the  observa- 
tions made  on  the  diseased  heart.  It  is  true  that  the  explanation  of  the 
undulations  on  the  pulse-tracing  and  of  their  modifications  in  patho- 
logical conditions  has  engaged  the  attention  of  a  considerable  number 
of  obsen'ers,  but  until  quite  recently  the  divergences  of  the  cardiac 
rhythm  from  the  normal  seem  to  have  aroused  little  interest,  and  no 
attempt  was  made  to  explain  the  origin  of  the  irregnlanties  of  the 
pulse.  In  the  follo"s\ing  pages  I  have  endeavored  to  fill  in  one  hiatus 
existing  between  clinical  obsen-ation  and  physiological  experiment. 

The  ventricular  systole  which  causes  the  radial  pulsation  is,  in  the 
normal  heart,  induced  by  an  impulse  descending  from  the  auricle 
through  communicating  fibres  which  are  generally  held  to  be  formed 
of  muscular  tissue;  the  normal  ventricle  never  contracts  unless  it  is 
excited  by  the  arrival  of  such  an  impulse  from  above.  It  is  obvious 
that  an  irregailarity  in  the  ventricle  (and  consequently  in  the  pulse- 
tracing)  may  arise  (1)  from  the  ventricle  failing  to  respond  normally 
to  this  impulse  or  from  its  contracting  indej)endently  of  it  or  (2)  from 
the  auricle  failing  to  emit  an  impulse  at  the  ordinary  intei-val.  Yet 
it  is  only  of  recent  yeai^s  that  the  work  of  Krehl  and  Romberg*  has  led 
to  the  general  recognition  that  an  irregularity  of  the  pulse  may  be  due 
to  disorder  of  the  higher  parts  of  the  heart,  which  determine  the 
normal  rhythm.     Xor  has  the  importance  of  the  auricle  as  a  factor  in 


*Arc1i.  f.  Cdi).  Piith.  u.  PJiarm.,  1S92,  xxx,  p. 
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ventricular  iiTegularitj  been  appreciated  apparently  bj  pathologists 
as  yet,  for,  -with  the  exception  of  Radasewsky's*  paper,  I  have  been 
unable  to  find  any  accounts  of  examination  of  the  auricle  in  cases  of 
irregular  pulse. 

My  attention  was  drawn  to  the  subject  by  the  results  of  a  series  of 
experiments  performed  some  years  ago  along  with  Matthews  and 
during  the  last  year  I  have  through  the  kindness  of  Dr.  Dock  and  his 
staff  had  the  opportunity  of  examining  a  considerable  number  of 
sphygmographic  tracings  taken  in  cases  of  irregularity  of  the  pulse.  I 
propose  in  the  following  pages  to  attempt  to  interpret  these  clinical 
observations  in  terms  of  our  experimental  results. 

The  object  of  our  experiments,  which  were  performed  on  dogs,  was 
to  ascertain  the  effects  of  a  single  stimulus  applied  to  the  heart.  It  is 
unnecessaiy  to  revert  to  most  of  our  conclusions,  which  bear  rather  on 
physiological  than  on  practical  points,  and  which  have  been  published 
elsewhere. f  Let  it  suffice  to  state  that  the  movements  of  the  auricle 
and  ventricle  were  recorded  separately  by  a  system,  of  levers,  and  that 
in  a  number  of  instances  a  sphygTaogTaphic  tracing  was  taken  simul- 
taneously from  the  carotid  artery.  When  a  single  electric  shock  was 
passed  through  the  ventricle  at  any  time  except  in  the  refractors^  period, 
it  was  followed  by  a  premature  contraction  of  that  chamber  (Fig.  1, 
p.  329).  In  many  instances  this  contraction  expelled  sufficient  blood 
to  cause  an  undulation  in  the  sphygmographic  tracing,  this  undulation 
being  lower  than  that  caused  by  a  normal  pulse  and  occuning  at  a 
shorter  interval  than  usual  after  the  last  ordinary  elevation.  But  as  a 
general  iiile  the  contraction  of  the  ventricle  (premature  contraction) 
was  too  feeble  to  cause  a  pulsation  of  the  artery.  In  Fig.  1,  a  prema- 
ture systole  {(•)  of  the  ventricle  was  induced  by  an  electric  shock  which 
reached  that  chamber  at  a  point  indicated  by  the  crosslines  X  in  the 
ventricular  tracing.  It  was  succeeded  by  relaxation,  and  the  ventricle 
then  remained  quiescent  until  it  was  aroused  to  activity  {d)  by  an 
impulse  descending  from  the  auricle.  The  auricular  rhythm  was 
unaffected  by  the  irregularity  of  the  ventricle.  If  the  course  of  each 
impulse  be  followed  from  the  auricle  to  the  ventricle  and  finally  to 

*  Ztschr.  f.  kl.  Med.,  1895,  xxvii,  p.  381. 
t  Journal  of  PhyswJogy,  xxi,  p.  213. 


Arlliiir    K.   ('iisliny 


320 


the  pulse,  it  is  tVniiuI  that  .1  is  lullitwcd  hy  <i  and  tlifu  liy  a,  B  l)y  b 
aiul  then  hy  /;.  lint  ('  beginning  in  tht-  auricle  has  no  effect  on  the 
ventriele,  wliieh  it  reaches  during  the  premature  systole  c,  i.  e.  during 
a  rel'raetory  period.  J)  is  followed  by  (/,  however,  and  later  by  d  and 
the  normal  sequence  is  then  reinstated.  The  interval  between  the 
iKtrmal  i)ulsations  b  and  d  or  between  the  ventricular  systoles  b  and  d 
is  detennined  by  that  between  the  auricular  contraction  B  and  D. 
And  as  the  auricular  rhythm  is  perfectly  regular  throughout,  the 
interval  B — D  is  twice  that  of  B — C  or  twice  A — B  or  D — E.     That 


Fig.  1, 

In  Fig-s.  1  and  2  the  upper  tracing  was  drawn  by  the  ventricle,  the  next 
by  the  auricle,  the  third  by  a  sijhygiuograph  (Frey's)  attached  to  the  carotid 
arterj',  ^nd  the  fourth  bj^  a  tuning-fork  swinging  50  times  per  second. 
During  systole  the  auricular  and  ventricular  levers  made  a  stroke  down- 
wards.    During  diastole  they  rose  again.     For  further  explanation  see  text. 

is,  the  interval  between  the  two  normal  pulsations  of  the  artery,  or  the 
duration  of  the  intermission,  is  equal  to  t^\^ee  the  usual  interval  be- 
tween t^vo  pulsations  (pulse-inteiwal). 

A  little  consideration  will  show  that  as  long  as  the  auricle  is  beating 
regiilarly,  an  intermission  which  is  due  to  ventricular  failure  must 
always  be  equal  to  twice  the  ordinary  intei'val.  For  example,  had 
there  been  no  premature  contraction  (c)  in  Fig.  1,  but  had  the  ven- 
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tricle  relaxed  and  remained  qniescent  until  it  was  aroused  by  the 
impulse  D,  the  length  of  the  interval  would  have  been  the  same.  So 
that  a  general  law  may  be  formulated,  that  an  intermission  which  is 
due  to  ventricutar  disorder  and  during  which  the  auricle  continues 
to  conh^act  regularly  must  always  he  equal  in  lengih  to  twice  the 
ordinary  pulse-interval. 


Fig.  2. 
For  explanation  see  Fig.  1  and  the  text. 


When  an  electrical  shock  is  passed  through  the  auricle  (Fig.  2),  a 
premature  systole  is  caused  in  that  chamber  exactly  as  in  the  ventricle, 
but  it  does  not  remain  limited  to  the  auricle  but  is  transmitted  to  the 
ventricle,  which  contracts  prematurely  as  if  it  had  received  a  direct 
stimulus;  a  weak  premature  pulse  is  sometimes  seen  in  the  artery, 
but  here  again  the  blood  expelled  is  generally  too  small  in  amount  to 
cause  any  appreciable  movement  and  the  tracing  displays  a  complete 
intermission.  In  Fig.  2,  A  gives  rise  to  a  and  a,  B  to  h  and  h  and  C  to 
c,  which  is  not  followed  by  a  distinct  movement  in  the  artery.  The 
next  normal  auricular  systole,  D,  is  followed  by  d  and  d  and  E  by 
e  and  e.  The  only  difference  from  Fig.  1  apparent  at  first  sight  is  the 
irregularity  of  the  auricle,  and  as  this  is  not  visible  in  the  sphygmo- 
graphic  tracing,  it  might  be  su])posed  that  an  irregularity  of  auricular 
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origin  is  followed  l)v  the  yaiiic  cliaiiucs  in  the  pulse  as  one  arising  from 
vcntrii'iilar  disorder.  AVlu-n  the  sphygmograpliic  tracing  is  subjected 
to  exaet  measurement,  however,  a  difference  is  obsei-ved  in  it;  the 
intermission  is  shorter  than  twice  the  ordinary  pulse-interval.  For 
example,  if  the  intervals  a — h,  h — d,  and  d — e  are  measured,  it  will  be 
found  that  a — h  and  d — e  are  each  equal  to  |^  sec.  If  the  inter- 
mission h — d  were  twice  the  normal  interval,  it  would  last  |^  sec, 
but  in  reality  it  is  only  ||  sec.  in  duration.  The  explanation  of 
this  point  is  simple — the  auricle  itself  gives  rise  to  the  rhythm  of  the 
heart.  The  impulse  leading  to  the  contraction  D  is  not  derived  from 
any  higher  rhythmical  organ,  but  arises  from  the  auricle  itself. 
When  the  auricle  lias  collected  enough  energy  or  irritability  to  cause 
a  contraction,  the  systole  follows,  this  chamber  not  waiting  as  the 
ventricle  does  for  some  impulse  from  without.  The  exact  length  of 
the  intermission  in  these  stimulation  experiments  varies  with  the 
point  in  the  auricular  cycle  at  Avhich  the  electric  shock  was  given,  but 
it  is  unnecessary  to  enter  on  this  here.  The  important  fact  is  that  in 
these  experiments  the  intermission  was  always  shorter  than  twice  the 
ordinary  pulse-interval.  Consideration  will  show  that  here  again  a 
o'eneral  rule  mav  be  formulated,  that  the  intermissions  due  to  auricular 
disorder  are  not  necessarily  equal  in  length  to  twice  the  ordinary 
pulse-interval.  For  example,  the  auricle  may  stand  still  for  any 
interval  of  time  and  then  resume  its  contractions.  It  is  not  neces- 
sary that  it  should  contract  at  the  exact  time  at  which  it  would  have 
done  so  normally,  any  more  than  it  is  necessary  that  if  the  breath 
be  held  for  some  time,  the  next  inspiration  will  follow  at  any  definite 
moment.  When  the  probabilities  of  the  case  are  considered,  it  will 
be  seen  that  the  chances  of  the  auricle  resuming  its  contractions  at 
the  end  of  a  double  pulse-interval  are  small.  The  irritability  of  this 
chamber  increases  very  rapidly  when  it  is  quiescent  and  in  most  cases 
must  reach  the  point  at  which  a  contraction  is  elicited  sooner  than 
after  two  intervals. 

These  considerations  appear  to  be  sufficient  basis  for  the  general 
statement,  that  intermissions  of  the  pulse  which  are  due  to  ventricular 
disorder  must  he  equal  in  length  to  two  normal  intervals,  while  those 
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that  are  of  auricular  origin  may  he  of  this  length,  hut  in  the  great 
majority  of  cases  are  not  of  this  duration  hut  shorter.  Conversely, 
intermissions  of  the  jDiilse  which  are  equal  to  two  ordinaiy  inteiTals, 
are  in  all  probability  ventricular  in  origin ;  those  which  are  shorter  are 
certainly  not  ventricular  and  are  therefore  due  to  auricular  derange- 
ment. 

A  few  examples  of  the  duration  of  the  intermissions  in  the  dog's 
pulse  under  stimulation  of  the  ventricle  and  auricle  may  serve  to 
elucidate  this  question  (Table  1,  p.  343).  It  may  be  stated  that  these 
do  not  by  any  means  exhaust  the  numbers  at  my  disposal,  for  I  have 
made  a  large  series  of  experiments  on  the  subject  and  have  measured 
some  hundreds  of  intermissions,  all  of  which  gave  the  same  result 
without  exception.  I  have  selected  some  of  the  measurements  of  only 
two  of  these  experiments,  however,  which  are  sufficient  to  give  an  idea 
of  the  extent  of  the  variation  in  the  length  of  the  intermissions. 
When  the  stimulus  resulted  in  a  premature  arterial  pulse,  the  intervals 
before  and  after  it  are  enclosed  in  brackets,  in  order  to  allow  of  a 
comparison  ^vith  those  in  which  there  was  a  complete  intermission. 
In  column  A,  the  duration  of  the  normal  inteiwal  is  given  in  hun- 
dredths of  a  second;  in  column  B,  the  part  of  the  heart  stimulated;  * 
in  column  C,  the  duration  of  the  intermission  in  hundredths  of  a 
second;  in  D,  the  extent  by  which  tliis  fell  short  of  two  complete 
intervals  (2 A — C);  and  in  E,  the  fraction  of  a  pulse-interval  repre- 
sented by  this  deficiency   —.     In  the  last  colunm  the  averages  of, 

and  the  extremes  of,  E  are  given  approximately. 

In  Table  1,  it  will  be  observed  that  when  the  intermission  is  due  to 
ventricular  stimulation,  it  is  equal  to  a  double  inter\\al,  the  greatest 
deviation  from  this  amounting  to  only  ^^  ^'^'^^  t\  o^  ^^^^  normal 
pulse-intervals,  numbei*s  which  may  well  be  considered  within  the 
limits  of  error.  When  the  stimulus  was  applied  to  the  auricle,  on  the 
other  hand,  the  resulting  intermission  was  invariably  shorter  than  a 
double  pause,  the  deficiency  varying  from  y'g  to  f  of  a  normal 
pulse-interval  according  to  the  exact  position  of  the  auricle  when  the 
stimulus  reached  it.     It  may  be  added  that  the  deficiency  differs  in 
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dift'ercnt  Iu'MI'Ts,  tliat  in  Ivxpcrinu'iit  -2  hciiin'  distiiictlv  greater  than  in 
Experiment  1 ;  i.  e.,  in  the  second  experiment,  the  auricle  seems  to 
reii'ain  its  irrilahility  iimi-e  rapidly  tlian  in  the  iirst,  and  this  is  ])r<»hably 
to  be  correhited  with  the  fact  that  the  rhythm  is  faster  in  the  second. 

When  one  attempts  to  apply  the  principles  deduced  from  these 
animal  experiments  to  analysis  of  clinical  sphygmographic  tracings, 
one  is  met  by  tlie  diliit-ulty  that  in  some  of  these  the  pulse  is  so 
iiTCgular  that  no  normal  intei-val  can  be  ascertained  with  certainty. 
These  may  be  passed  over  at  present  and  only  those  tracings  will  be 
considered  in  which  the  rhythm  is  regular  on  the  whole,  but  in  which 
intermissions  or  other  iiregularities  appear  at  longer  or  shorter  inter- 
vals. In  these  also  there  occur  small  differences  in  the  pulse-interval, 
and  even  in  some  perfectly  normal  indi^aduals  a  considerable  variation 
has  been  shown  to  exist  by  von  der  Miihll.*  These  diiferences 
seldom  amount  to  more  than  one  or  two  hundredths  of  a  second, 
however,  so  that  they  do  not  materially  affect  the  results.  In  order  to 
eliminate  the  eiTor  so  far  as  possible,  I  have  generally  taken  the  aver- 
age of  three  or  four  pulses  preceding  and  following  the  iiTcgularity 
and  thus  obtained  an  average  inteiwal,  which  was  compared  with  that 
immediately  preceding  and  immediately  following  the  intermission. 
In  this  way  certainty  could  be  reached  that  the  interval  taken  as  a 
basis  for  the  calculation  really  was  that  which  would  have  occurred  had 
no  iiTegularity  been  jDresent,  or  at  any  rate  did  not  depart  very  far 
from  this  ideal  interval. 

The  tracing's  were  taken  ^^ith  Jaquet's  sphygmochronogTaph,  which 
is  the  only  instrument  available  when  such  minute  inteiwals  as  yiir 
second  have  to  be  dealt  with.  In  analysing  the  tracings  I  have  used 
his  cuiwe-reader  (Curv^enanalysator),  which  was  kindly  put  at  my 
disposal  by  Professor  Lombard.  A  number  of  tracings  were  taken  in 
each  case,  and  the  iiTegiilarities  were  all  carefully  measured  and 
compared,  and  an  average  taken  of  the  extent  to  Avhicli  they  fell  short 
of  a  double  interval.  Only  in  this  way  can  any  reliable  results  be 
attained,  as  not  infrequently  one  indi^'idual  intermission  may  appear 
to  be  of  auricular  origin,  while  when  it  is  compared  ^rith  the  others  of 

*  Dciitsches  Arch.  f.  JcHii.  Med.,  1892,  xlix,  p.  348. 
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the  series  it  is  seen  to  be  so  nearly  equal  to  two  pulse-intervals  that  it 
falls  into  the  gix)up  of  ventricular  intermissions. 

In  Table  II  (pp.  344-5),  I  have  aiTanged  a  series  of  intermissions  or 
irregularities  (premature  pulsations),  which  approach  the  type  found 
to  be  due  to  ventricular  stimulation  in  the  dog;  and  in  Table  III 
(pp.  346-7)  intennissions  approximating  those  from  stimulation  of  the 
dog's  auricle.  The  columns  correspond  to  those  of  Table  I  (p.  343) 
except  that  the  second  column  is  omitted. 

In  Table  II,  the  average  deviation  from  a  double  pulse-interval 
varies  from  zero  up  to  oV  of  a  pulse-inteiwal.  In  regard  to  Case  "W,  I 
had  some  doubt  whether  it  should  be  jilaccd  in  Table  II  or  in  Table 
III,  and  the  number  of  tracings  at  mv  disposal  was  not  sufficient  to 
permit  a  certain  interpretation.  In  Table  III,  the  average  intermis- 
sion was  i-^  of  a  pulse-interval  shorter  than  two  pulse-intervals. 

AVhen  Tables  II  and  III  are  compared  ^^ath  Table  I,  there  is  noted  a 
verv  striking  resemblance  between  the  intermissions  due  to  ventricular 
stimulation  and  Table  II,  and  between  those  due  to  auricular  stimula- 
tion and  Table  III.  This  resemblance  at  once  suggests  that  the  dis- 
order in  the  hearts  from  which  Table  II  was  derived  was  ventricular, 
while  the  cases  from  which  the  tracings  analysed  in  Table  III  were 
obtained,  suffered  from  disease  of  the  auricle.  It  may  be  added  that 
the  line  of  demarcation  between  the  two  sets  of  tracings  is  veiy 
sharply  drawn.  In  Table  II,  the  fractions  in  column  E  are  all  so 
small  that  they  may  be  regarded  as  lying  within  the  limits  of  error, 
while  those  in  Table  III,  column  E,  are  so  large  that  no  such  explana- 
tion is  possible.  There  were  no  intermediate  cases  except  W  (Table 
II),  and  even  in  this  tracing  the  intennissions  are  very  different  from 
those  of  Table  III.  It  may  be  added  that  these  were  not  selected 
tracings,  but  were  those  obtained  from  14  of  the  first  16  cases  of  irreg- 
ularity which  came  under  my  observation.  In  the  remaining  cases 
the  tracing  was  so  iiTegular  that  no  definite  pulse-interval  could  be 
recognized,  and  they  have  therefore  been  omitted  from  the  tables. 
ISTone  of  the  intervals  in  these  tracings  were  double  the  others  in 
length,  however,  so  that  there  can  be  no  doubt  that  the  in-egularity 
was  due  to  auricular  deranjiement.     In  all  of  these  cases,  then,  a  care- 
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fill  cxaiiiiiiatidu  ciiahlcd  a  (lia_i;n(>sis  to  lie  fitniicd  as  to  wlictlicr  tlic 
irrciiiilaritv  was  dur  tt>  functional  disorder  of  the  aiii-iclc  or  of  llic 
veiitrielo. 

Tlic  fiirtlior  question  arises  as  to  what  is  the  nature  of  the  inter- 
mission of  the  aurick'  or  ventriek^  in  these  eases.  The  lieavt  may  fail 
to  cause  a  pnlsc-waN'c,  firstly,  because  the  x'ciitriclc  contains  so  little 
blood  when  it  executes  a  jjreniature  eontraetion  that  the  arterial  pres- 
sure is  not  inereased  enough  to  move  the  sphygmogi'aph,  or,  secondly, 
because  the  ventricle  entirely  fails  to  contract  or  contracts  too  weakly. 
.\  very  inii)ortanr  contrilmtiou  to  this  sulgect  has  been  made  by 
AVenckebacli""  since  I  began  my  investigations;  in  fact  this  writer  has 
anticipated  many  of  the  conclusions  at  which  1  had  arrived  inde- 
pendently, f  He  discusses  almost  exclusively  the  intermissions  which 
are  equal  to  two  pulse-intervals  and  states  that  these  are  invariably  due 
to  jUH  mature  idioventricular  contracticms.  His  grounds  for  this  view 
are  two-fold  in  nature:  in  the  first  place  he  was  able  in  every  case  to 
make  out  by  auscultation  a  double  contraction  sound  in  the  beginning 
of  the  intermission,  and  in  the  second  place  a  pulse-tracing  which  at 
one  time  shows  a  com])lete  intermission  A-ery  often  shows  immediately 
afterwards  an  intermission  inteiTupted  by  a  weak  premature  elevation. 
I  have  met  this  in  most  of  my  ow^n  cases,  and  there  is  no  question  that 
many,  perhaps  most,  cases  of  ventricular  intermission  are  due  to  this 
premature  contraction  (extrasystole,  Wenckebach)  so  that  they  cor- 
respond in  every  feature  with  those  obtained  in  my  experiments  on 
the  dog,  except  that  in  man  the  ventricular  stimulus  arises  spontane- 
ously in  the  ventricle  while  in  my  experiments  it  was  artificial.  In 
a  number  of  instances,  however,  I  have  observed  an  extrasystole  in 
the  dog  without  any  electrical  stimulus  having  been  supplied,  and  in 
these  cases  the  intermission  was  identical  in  eveiy  feature  with  that 
observ^ed  in  the  human  pulse. 

It  may  be  questioned,  however,  whether  this  is  the  explanation  in 
every  case  of  ventricular  intermission,  as  Wenckebach  holds,  for  in  one 

*  Ztschr.  f.  kiln.  Med.,  1899,  xxxvi,  p.  181. 

t  Among  other  points  he  noted  that  in  many  cases  the  intermission  fell 
short  of  two  pulse-intervals,  and  ascribes  these  to  auricular  disorder,  basing 
this  explanation  on  our  experimental  resiilts  already  referred  to. 
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of  our  patients  the  most  careful  stethoscopic  examination  failed  to 
detect  any  systolic  sound  during  the  intermission.  I  am  inclined  to 
regai'd  the  intermission  in  this  case  as  due  to  a  complete  failure  of 
the  ventricle  to  respond  to  the  auricular  impulse,  or  to  the  impulse 
ha^"ing■  been  blocked  in  the  communicating  fibres  between  the  auricle 
and  ventricle. 

As  regards  the  intermissions  which  are  caused  by  auricular  derange- 
ment, the  cause  is  unquestionably  a  premature  auricular  contraction  in 
a  certain  number  of  instances.  This  is  demonstrated  by  the  appeai'- 
ance  of  a  distinct  undulation  in  the  pulse-tracing  in  some  cases 
(Plate  XVI,  Fig.  8),  while  in  others  a  number  of  complete  intermis- 
sions are  inteiTupted  by  one  which  shows  this  premature  pulsation. 
These  intermissions  are  therefore  analogous  to  those  observed  in  the 
dog  on  stimulation  of  the  auricle,  for  here  also  the  fall  of  the  pulse- 
lever  is  sometimes  unbroken  (complete  intermission),  at  other  times 
interrupted  by  a  slight  undulation.  In  the  clinical  sphygmogTaphic 
tracings  the  premature  systole  of  the  auricle  is  of  course  caused  by 
some  intracardiac  stimulus,  and  I  have  therefore  sought  for  descrip- 
tions of  auricular  disease  in  the  literature  of  the  heart,  but  have  as  yet 
found  only  one  paper,  viz. :  that  by  Radasewsky,*  in  which  the  auricle 
was  subjected  to  careful  post-mortem  examination  with  reference  to 
this  point.  He  states  that  of  six  hearts  examined  by  him  four  pre- 
sented more  severe  lesions  in  the  auricle  than  in  the  ventricle  and  in 
these  cases  there  was  a  history  of  marked  in-egularity  of  the  pulse ;  in 
one  in  Avhicli  the  ventricle  alone  was  diseased,  and  in  another  in  which 
both  auricle  and  ventricle  were  less  extensively  degenerated,  no 
marked  irregularity  had  been  noted  before  death.  In  one  of  my  cases 
in  which  the  measurement  of  the  pulse  demonstrated  clearly  that  the 
intermissions  were  of  auricular  origin  (Table  III,  Case  Sh),  the 
autopsy  showed  an  enonnous  dilatation  of  all  the  chambei-s;  the 
auricular  walls  were  thin  and  transparent  and  the  muscular  bundles 
formed  a  network  separated  by  wide  meshes  composed  of  the  serous 
membranes  only. 

Those  cases  in  which  the  iiTegularity  is  due  to  an  extrasystole  ai-is- 
ing  in  the  auricle  are  indicative  of  some  disorder  in  this  chamber, 

*  Ztschr.  f.  kliu.  Med.,  1895,  xxvii,  p.  381. 
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Avhic'h  ninv  jtrove  to  be  of  ^tiivc  iinixtrt,  tlioiigli  my  experience  has 
been  too  limited  to  allow  of  any  certain  statement  as  to  the  \'alue  of 
this  sign  in  ])rognosis.  Bnt  every  ease  of  intermission  in  which  the 
inteiwal  is  shorter  than  two  complete  jnilses  does  not  necessarily  indi- 
cate the  presence  of  anriciilar  disease.  In  faet  this  probably  holds  for 
only  a  small  proportion  of  the  cases  in  which  it  occurs;  for  these  lapses 
are  very  often  seen  in  ])erfectly  healtliy  jx'rsons,  and  no  line  can  Ix- 
drawn  separating  them  from  the  slight  in-egularities  of  the  normal 
pulse.  For  example  one  of  my  tracings,  taken  from  a  healthy  woman, 
shows  a  somewhat  iiTegular  rhythm,  the  pulse-interval  ordinarily 
varvins:  from  54  to  61  hundredths  of  a  second,  but  occasionally  an 
intermission  of  90  to  100  hundredths  of  a  second  appears.  These  inter- 
missions can  be  elicited  wnth  regularity  by  instructing  the  patient  to 
take  very  deep  inspirations,  and  are  obviously  not  due  to  auricular 
disease  but  to  excessive  activity  of  the  inhibitory  centre.  As  is  well- 
known,  this  centre  is  peculiarly  sensitive  in  some  individuals,  and  in 
this  case  it  is  capable  of  an-esting  the  heart  completely  for  a  short  time. 
The  whole  heart  is  an-ested.  and  the  intermission  is  therefore  of  the 
auricular  tyjDe.  Exactly  the  same  phenomenon  can  be  elicited  in 
animals  by  stimulating  the  pneumogastric  neiwe  in  the  neck  for  a 
fraction  of  a  second,  as  may  be  seen  by  comparing  the  sphygmogram 
from  a  healthy  woman  (Plate  XVII,  Fig.  13)  with  that  from  a  dog 
whose  vagus  was  stimulated  electrically  (Plate  XVII,  Fig.  14). 

This  inhibitoiy  intermission  is  liable  to  be  confused  wdth  the  tiiie 
auricular  intermission,  and  in  fact  I  am  inclined  to  regard  the  irregu- 
larity in  ,the  first  case  in  Table  III  as  due,  at  any  rate  in  some  part,  to 
inhibition.  There  are  certain  distinguishing  features,  however;  in 
the  first  place  the  intennission  is  often  followed  by  a  second,  long 
interval,  because  the  inhibition  seldom  lasts  over  only  one  beat;  in  the 
second  place,  the  intermission  is  often,  but  not  always,  too  short  to 
arise  from  auricular  irregularity.  Thus  the  shortest  intermission 
which  I  have  obser^-ed  in  the  dog's  heart  from  stimulation  lasted  If 
pulse-interval,  but  the  inhibitory  intermission  may  be  only  1^  pulse- 
interval.  In  case  of  doubt  the  question  could  be  determined  by  the 
pulse  being  rendered  regular  when  the  inhibitoiy  terminations  are 
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paralyzed  bv  atropine,  for  this  drug-  is  without  effect  on  the  true 
auriciihir  intermissions.  Dehio*  has  observed  arythmia  disappear 
nnder  this  treatment  in  a  number  of  instances. 

The  occurrence  of  this  false  anricidar  intermission  sngg'ested  the 
question  whether  in  some  cases  ventricular  intermissions  might  not 
be  due  to  inhibition,  for  it  is  well  known  to  physiologists  that  stimula- 
tion of  the  pneumogastric  nerve  retards  the  passage  of  impulses  from 
the  auricle  to  the  ventricle,  and  ren.ders  the  latter  less  susceptible  to 
stimulation.  It  is  thus  conceivable  that  some  of  the  ventricular  inter- 
missions might  be  due  to  the  impulse  from  the  auricle  finding  the 
passage  to  the  ventricle  blocked  or  the  ventricle  incapable  of  respond- 
ing to  it  owing  to  powerful  inhibition ;  but  there  seems  to  be  no  reason 
to  suppose  that  this  occui-s,  for  the  rhythm  of  the  heart  would  be 
reduced  to  20-30  per  minute  or  less  by  inhibition  powerful  enough  to 
block  the  communicating  fibres  or  to  prevent  the  ventricle  entirely 
from  responding  to  a  stimulus.  It  is  very  probable  that  in  many 
instances  intermissions  of  diif  erent  kinds  may  occur  in  the  same  pulse- 
tracing.  For  example,  both  ventricle  and  auricle  may  contract  pre- 
maturely at  intervals,  or  an  intermission  due  to  a  premature  systole  of 
the  ventricle  may  alternate  with  one  due  to  inhibition.  I  have  nor 
been  able  to  identify  such  a  mixed  tracing  with  certainty  among  those 
hitherto  examined,  but  in  one  or  two  of  them  in  which  the  iiTegu- 
larities  were  mainlj'  of  the  auricular  type  an  occasional  intermission 
approached  so  nearly  to  the  double  pulse-inteiwal,  that  it  aroused  the 
suspicion  that  the  ventricle  also  Avas  involved. 

I  have  stated  that  an  excessively  ii'regular  pulse  indicates  auricular 
rather  than  ventricular  derangement,  but  this  requires  some  qualifica- 
tions. For  example,  Fig.  10  (Plate  XVII)  was  obtained  from  a  patient 
in  whom  ventricular  intermissions  occurred  frequently,  but  who  never 
presented  any  signs  of  auricular  disorder.  Yet  the  pulse-intei-^'als  in 
Fig.  10  are  48,  47,  48,  48,  49,  47,  41,  95,  50,  34,  60,  47,  47,  48,  wdiich 
would  seem  at  first  sight  to  indicate  disorder  of  the  rhythmic  area 
rather  than  of  the  ventricle.  The  explanation  appeai-s  to  be  that 
several  ventricular  jiremature  systoles  occurred  in  succession,  that  a,  h 

»  Deiit.'^fh.  Anil.  f.  hlhii.  Med.,  1S93,  lii,  p.  97. 
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(a  nuliiiicntarv  heat),  c  wen.'  all  <liic  tn  iirHivciUricular  coiilracliDiis, 
wliile  (/  was  due  to  an  ainiciilar  iiii|iiil-c  ami  e  was  a^aiu  idinvciitric- 
ular.  Tims  the  intervals  arc  H  +  IK")  +  no  =  18G  =  4  X  47  —  2; 
i.  ('.,  while  the  ventricle  was  heatiiii;'  a,  h,  and  (\  the  anri(de  was  eon- 
traetinc  reo-nlarlv  three  times  but  in  a  sli<ihtlv  different  rhvtliin.  The 
fonrtli  nnricnlar  eniitraotion  was  jiropagated  to  the  ventricle.  A  pre- 
mature ididventrienlar  piilsatinn  followetl  this  and  the  sixth  anrioilar 
beat  again  readied  the  ventriele  and  indnce(l  f.  That  tlie  auricular 
rhythm  was  regular  is  shown  hv  the  sixth  ventricular  contraction 
occun'ing  at  the  exact  point  at  which  it  would  liave  fallen  had  there 
been  no  irregularity  at  all  ((.  e.  41  +  95  +  50  +  34  +  GO  =  280  = 
6  X  47  —  2)  for  the  slight  diiference  of  j^^  of  a  second  can  be  neg- 
lected. In  several  other  instances  a  similar  apparent  irregularity  can 
be  reduced  to  several  idioventrii-ular  beats  following  each  other,  as 
has  been  demonstrated  by  AVenckebach.  These  repeated  premature  sys- 
toles certainly  present  difficulties  in  analysis,  but  in  cases  in  which 
the  tracings  indicate  unifonnly  ventricular  intermissions,  it  is  of  inter- 
est to  attempt  their  solution  as  instances  of  ventricular  derangement 
only.  If  the  other  sphygmograms  in  this  case  had  not  invariably  indi- 
cated a  perfectly  regular  auricular  rhythm,  I  should  have  hesitated  to 
interpret  this  particular  iiTegularity  as  ventricular. 

This  repetition  of  the  ventricular  extrasystole  suggests  the  question 
as  to  whether  in  some  cases  the  pulse-rhythm  may  not  be  entirely 
ventricular,  the  auricles  beating  at  a  different  rate  or  perhaps  being 
quiescent.  It  is  generally  recognized  that  the  mammalian  ventricle 
is  capable  of  caiiying  on  the  circulation  alone,  and  it  is  quite  pos>il)le 
this  may  occur  in  disease.  In  this  case  the  rhythm  may  be  in-egular 
also,  and  the  intermissions  are  not  necessarily  equal  to  double  pulse- 
intervals  although  the  ventricle  alone  is  involved,  as  I  showed  with 
Matthews  in  our  earlier  article.  This  pureh^  ventricular  rhythm  pre- 
supposes such  gTave  disorder  of  the  whole  heart,  however,  that  it  can 
scarcely  be  regarded  as  of  frequent  occurrence,  and  though  it  would 
be  impossible  to  diagnose  it  by  the  sphygmogTam  from  the  auricular 
irregularity,  it  need  not  be  regarded  as  an  alternative  diagnosis  in 
cases  of  short  intermissions,  until  further  evidence  of  its  existence  in 
man  is  adduced. 
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In  many  instances  the  extrasystoles  or  the  intermissions  appear 
regularly  in  the  tracing,  whether  these  be  of  ventricular  or  of  auricular 
origin.  For  example,  Fig.  11  (Plate  XVII)  is  a  tracing  in  which 
every  second  contraction  for  some  time  is  an  idioventricular  extra- 
systole;  in  Fig.  12  (Plate  XYII)  every  third  is  an  extrasystole  of  the 
ventricle;  in  Fig.  3  (Plate  XVI)  every  fourth  is  a  ventricular  extra- 
systole,  while  in  Fig.  9  (Plate  XVII)  every  fourth  is  an  auricular 
extrasystole.  This  rhythmical  irregularity  is  difficult  to  explain,  for 
it  is  -generally  believed  that  the  irritability  of  the  heart  is  exhausted 
at  every  systole,  so  that  there  cannot  be  a  summation  of  residual  en- 
ergy until  sufficient  is  accumulated  to  give  rise  to  an  extrasystole.  A 
failure  of  the  ventricle  to  contract  at  intervals  is  much  more  readily 
intelligible,  for  it  is  easily  conceivable  that  the  contractile  or  con- 
ducting substance  is  exhausted  entirely  after  every  2nd  or  3rd  beat, 
and  until  it  is  restored  no  contraction  can  occur.  In  many  instances, 
however  (e.  g.  Fig.  11,  Plate  XVII),  the  irregularity  is  obviously  due 
to  an  extrasystole  and  not  to  a  failure  to  contract.  It  may  be  added 
that  the  same  phenomenon  is  frequently  seen  in  animals  poisoned 
with  digitalis  or  its  allies  or  with  barium  salts,  that  is,  with  bodies 
which  increase  the  irritability  of  the  heart.  The  periodic  appearance 
of  the  extrasystole  may  therefore  be  due  to  some  alteration  in  the 
heart  through  which  the  irritability  is  not  entirely  annulled  by  the 
contraction,  and  the  residue  is  summed  up  until  it  gives  rise  to  a 
premature  systole. 

A  few  words  may  be  added  in  regard  to  the  extreme  iiTcgiilarity  of 
the  heart  kno^vn  clinically  as  delirium  cordis.  It  is  unnecessary  to 
explain  that  in  physiology  this  term  is  used  to  indicate  fibrillary  con- 
tractions of  the  heart,  which  arrest  the  circulation  and  prove  immedi- 
ately fatal.  The  clinical  sj)hygmogram  in  these  cases  resembles 
exactly  that  obtained  from  dogs  when  the  auricle  is  undergoing 
fibrillary  contractions,  which  may  be  continued  for  a  long  time  without 
proving  fatal.  I  do  not  wish  to  assert  that  the  clinical  delirium  cordis 
is  identical  with  the  physiological  delirium  auriculae,  but  the  resem- 
blance is  certainly  striking.  The  fibrillary  contraction  of  the  auricle 
may  be  induced  by  stimulating  it  by  means  of  rapid  induction  shocks. 
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and  possibly  by  other  forms  of  ^liinulatiun.  iii  some  cases  I  have 
observed  it  in  the  dog  before  the  heart  was  injured  in  any  way,  and 
in  some  of  these  eases  it  couKl  be  arrested  ajid  the  \)\\Uv  rendered 
perfectly  regidar  by  division  of  the  vagi  or  by  paralyzing  their 
terminations  by  means  of  atropine.  This  connection  between  the 
inhibitory  mechanism  and  libnllary  contractions  was  scarcely  to  be 
anticipated  from  what  is  known  at  present  regarding  inhibition,  but  is 
confirmed  by  the  obsen-ation  made  by  Matthews  and  l)y  Gash  that 
atropine  prevents  the  iiTegiilai^ty  and  final  delirium  of  the  heart 
from  aconitine.  It  would  be  of  interest  to  ascertain  the  effect  of 
atropine  on  clinical  delirium  cordis. 

In  conclusion,  I  have  much  pleasure  in  acknowledging  my  indebted- 
ness to  my  colleague  Dr.  Dock  for  his  kindness  in  putting  his  tracings 
at  my  disposal,  and  to  Drs.  Anieill  and  Boyce  for  the  help  they  have 
afforded  me  in  various  ways,  particularly  in  collecting  tracings  which 
bore  on  the  subject  of  investigation. 

DESCRIPTIOX  OF  PLATES  XVI  AND  XVII. 
Figs.  1-2  are  inserted  in  the  text  and  there  explained  (pp.  329,  330). 

Plate  XVI. 

Figs.  3-13.  Sphygmograms  from  human  tracings.  The  pulse-intervals 
and  intermissions  are  measured  below  in  hundredths  of  a  second. 

Fig.  3.  Everj'  fourth  pulse-beat  is  missed,  and  the  intermission  is  prac- 
ticallj'  exactly  twice  the  normal  interval,  i.  e.  the  ventricle  alone  is  involved 
in  the  irregularity. 

Figs.  4  and  5.     Single  intermissions  each  equal  to  two  intervals. 

Fig.  6.  Single  intermission  shorter  than  two  intervals  (2  X  9^  z=  190)  and 
therefore  of  auricular  origin. 

Fig.  7.  Three  intermissions  each  shorter  than  two  intervals.  In  the 
first  (lasting  |i§)  and  third  (lasting  li*  seconds)  there  is  evidence  of  a  pre- 
mature contraction  early  in  the  intermission,  but  this  is  absent  in  the 
second. 

Fig.  8.  The  pulse  is  fairly  regular  at  first,  but,  later,  intermissions  follow 
each  other,  each  being  shorter  than  two  full  intervals.  In  the  first  of  these 
there  is  a  distinct  premature  contraction,  xW  sec.  after  the  last  normal  beat. 

Plate  XVII. 

Fig.  9.  Everj-  fourth  beat  is  missed,  and  each  intermission  is  shorter  than 
two  full  intervals;  i.  e.  the  irregularity  is  auricular  in  origin.  Contrast 
Fig.  3. 

Fig.  10.     Irregularity  in  ventricular  disease  (see  text.  pp.  338,  339). 
23 
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Fig.  11.  Ventj-icular  premature  systole  occurring  alternately  with  that 
derived  from  the  auricle.  This  form  of  irregularity  lasted  for  several 
minutes  and  then  gave  place  to  a  regular  pulse  having  an  average  interval  of 
(54-67  hundredths  of  a  second. 

Fig.  12.  Every  third  beat  is  missed,  and  the  intermission  is  so  nearly 
equal  to  two  intervals  that  it  may  be  regarded  as  due  to  ventricular  dis- 
order   only. 

Fig.  13.  An  intermission  caused  by  excessive  activity  of  the  inhibitory 
apparatus  and  not  to  true  cardiac  disease.  It  simulates  auricular  inter- 
mission. 

Fig.  14.  An  intermission  caused  in  the  dog's  pulse  by  stimulation  of  the 
vagus  nerve  for  j-  sec.     Compare  Fig.  13. 
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TABLE    I. 

Duratiou  of  Intfiiuissions  in  tlio   Doir's   Pulse  uiuKt  Stimulation  of  the  Ventricle 

and  Auricle  (sec  page  332). 


A. 
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TABLE  II. 

Intermissions  which  approximated  the  tjpe  observed  in  the  Dog  on  Stimulation  of 
the  Ventricle  (see  page  334). 


Case. 
L. 


A. 

58 
59 


C. 

116 

114 

117 


D. 

+  1 


E. 


57A 


58^ 

1 

'59 


Remarks. 
Admitted  for  cataract.  Pulse 
often  perfectly  regular  ;  at 
other  times  every  fourth  beat 
was  missed,  as  in  Plate  XVI, 
Fig-   3. 


56A 


113 


56i 


55J 


116 


+  5 


55A 


65                      105 

5 

5 
55 

56                       113 

1 

1 
5(i 

57^                       115 

0 

0 

Approximate  Average.  . . 

1 
2 

1 
100 

M. 


55 


51i 


64 


54 


55 


53i 


111 


99 


107 


112 


109 


111 


+  1 


56  110 

Approximate  Average. 


+  4 


+  4 


1 


55 

4 

51^ 

1 

54 


54 

1 
55 


53i 


1 
350 


Pernicious  antemia  and  mitral 
regurgitation.  Dilatation  of 
heart,  with  heaving  impulse 
and  thrill  with  each  systole, 
and  a  loud,  blowing  murmur 
(systolic)  over  entire  cardiac 
area,  loudest  over  apex.  Pulse 
is  small,  quick,  irregular  in 
volume  and  rhythm,  with  oc- 
casional intermissions.  (Plate 
XVI,  Fig.  4.) 

Post-Mortem  examination  :  Nu- 
merous small  hiemorrhages 
under  the  pericardium.  Greatly 
dilated  right  auricle,  the  left 
auricle  and  the  ventricles  being 
of  normal  size.  Mitral  orifice 
narrowed  and  posterior  flap 
much  shortened. 
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Case.        A. 
II.  62J 


TAHLE 

II. 

—  C<in(hiueil. 

c. 

D. 

E. 

126 

+  1 

+  ^           A(] 
3 
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+  3 


59  J 


Remauks. 

Admitted  for  recurrent  appen- 
dicitis. Pulse  regular  e.xcept 
for   occasional   intermissions. 


61 
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60 J  121 

Approximate  Average. 
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W. 


Mg. 


B. 
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0 
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Approximate  Average.  . 
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0 

76J                     152 

1 

1 
76 

80                       157 

3 

3 

80 

Approximate  Average.  . 

.  .       1 

1 
60 

59                (46  +  73)119 

+  1 

1 
59 

58                (45  +  70)115 

1 

1 
58 

60                (46  +  74)120 
Approximate  Average.  . 

0 

,  .       0 

0 

0 

cancer  of  the 
breast.  Pulse  is  usually  fairly 
regular,  but  occasionally  misses 
a  beat.     Age  56. 


Age  22.  Admitted  for  hernia. 
Heart  ordinarily  regular,  but 
often  misses  every  third  beat 
for  several  minutes  at  a  time. 
(Plate  XVII,  Fig.  12.) 


Age  59.  Admitted  for  retention 
of  urine.  Occasionally  the 
pulse  misses  a  beat,  but  it  is 
generally  quite  regular. 


Medical  student,  complains  of 
heart  missing  every  second 
beat  for  several  minutes,  and 
then  becoming  regular.  (Plate 
XVII,  Fig.  11.) 
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TABLE   III. 

Intermissions  which    approximated    those  observed  in  the  Dog  on  Stimulation  of 

the  Auricle  (see  page  334). 

Case.        A.  C.  D.  E.  Remarks. 

Age  78.    Atheroma.    Heart  often 

N.  68  (46+73)119  17  -  ,      ^       a  ^.      *■ 

^  '  -1  regular  for  dajs  at  a  time  and 

then  occasional  intermissions. 
73  123 


74  112 

69  110 

Approximate  Average. 


93  163  23  —  Surgical  out-patient.    No  history 

obtainable. 

97  170 


100  167 


D. 

E. 

17 

1 
4 

23 

23 
73 

36 

36 
74 

28 

28 
69 

26 

3 

8^ 

23 

23 
93 

24 

24. 

97 

1 

24 

4 

31 

31 

77 

19 

19 

74 

16 

16 
70 

24 

24. 

71 

22^ 

1 
~3 

41 

4 
11 

33 

1 

38 

3 

8 

1 

Approximate  Average. 


77  123  31  —  Surgical    out-patient.      No    his- 

tory. 

19 
74  129 


70  (46  +  78)124 

71  118 
Approximate  Average. 


St.  Cl.   110  179'  41  y^  Atheroma    (age    66).         Dulness 

extends  to  parasternal  line. 
Sounds  weak.  No  adventi- 
tious sounds.  Radial  arteries 
tortuous  and  hard.  Pulse 
9g  158  OQ  !L  "O,    irregular    in  volume    and 


Approximate  Average. 


rhythm.     Occasionallj'  a  beat 
is  missed.     (Plate  XVI,  Fig.  6.) 
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TABLE    lll.  —  Coufinu,(i. 
Ca8e.        a.  C.  D.  E.  Rkmakkh. 

Sn.  (55  123  8  -  Blacksmith.    Dilnfion  and  hyper- 

8  trophy    of    tlie    ht'iirt,    doulile 

aortic  lesions,   mitral    rejiury;!- 

73  184  10  tation  and  tricuspid    retfurgi- 

7  tatiou.         General      anasarca. 

Pulse  often  misses  a  beat. 
Post-Mortera  examination :  Oreat 
distension  of  all  the  chambers, 
and  distinct  separation  of  the 
muscle  fibres  in  tlie  auricle. 


69  115 


33 

1 
3 

15 

15 

71 

18 

18 

60 

71  127 

66  114 

Approximate  Average. ..  .      15 


69  118  20  Z  Age  77.      Surgical    case.      Pulse 

7  often  misses  a  beat,  and  in  the 

intermission  a  premature  pul- 

58  100  16  —  sation   is    sometimes     present 

58  (Plate   XVI,    Fig.    8).       Some- 

times the  intermission  occurs 
57  100  14  ^  alone  in   a    series    of    regular 

57  beats.       In     other    tracings    a 

number  of  consecutive    inter- 
20  missions  occur. 


65  110  20 


63  104  23 


63  105  19 


65 

1 
3 

19 
63 


64  110(40+70)  18  i 

4 

69  114  24  1 

Ai^proximate  Average 

•^*  ^■'^  ^'^'  15  —  Acute    rheumatism.      Dilatation 

of    the    heart    towards     left. 
.,„  First  sound  is  short  and  accom- 

81J  145  18  if  panied  by  a  soft  blowing  mur- 

mur.   Over  the  pulmonary  area 
is  heard  a  soft  blowing  mur- 
83  148  16  ^  mur    with    the     first     sound. 

Radial        pulse        moderately 

strong,    75,    quick,    at    times 

83  147  -^(^  j^  every    third    beat   is    dropped 

(Plate  XVII,  Fig  9),  and  then 

again  the  heart  becomes  more 

g^  ^.q  13  regular   or   the    intermissions 

^■^  appear    at    longer     intervals. 

. Heart  improved  under  salicvlic 

Approximate  Average...  i  acid  treatment. 
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15 
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18 
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16 

83 

19 

19 
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ox  THE  DIPLOCOCCOID  FORM  OF  THE  COLON 
BACILLUS.-^ 

By  J.  GEORGE  ADAMI,  M.  A.,  M.  D.,  F.  R.  S.  E.;  MAUDE  E.  ABBOTT,  B.  A., 
M.  D.:  AND  F.  J.  NICHOLSON.  B.  A.,  M.  D. 

(Front  the  Patlioloijinil  Ldhoniiniij  of  the  Roijtil  Vktur'ut  Ilofiiiitdl,  Mniitnytl.) 
Plates  XVIII-XX. 

In  the  coui'se  of  a  careful  study  of  a  long  series  of  livei-s,  both  cir- 
rhotic and  othei'A\4se,  we  liave  in  the  specimens  examined,  with  scarce 
an  exception,  encountered  larger  or  smaller  numbers  of  minute  bodies, 
and  the  more  we  have  studied  them  the  more  assured  we  have  become 
that  these  are  bacterial  in  nature.  Under  the  ordinary  1/1 2th  im- 
mersion lens  and  by  the  usual  methods  of  staining  these  may  easily  be 
overlooked  and,  if  recognized,  they  may  easily  be  mistaken  for  minute 
pigTaent  granules  present  in  the  liver  cells.  But  by  more  intensive 
staining  and  by  employing  a  good  1/1 8th  immei'sion  lens,  their  na- 
ture becomes  more  evident. 

The  methods  we  have  employed  with  the  greatest  amount  of  suc- 
cess have  been  by  staining  with  carbol-fuchsin  (one-half  the  ordinaiy 
strength)  and  subsequent  bleaching  in  the  sunlight  in  our  earlier  ob- 
servations; and,  of  late,  almost  exclusively  carbol-thionin,  made  accord- 
ing to  the  formula  recommended  l\v  Muir  and  Ritchie, f  the  sections 
being  cleared  by  aniline  oil.  Stained  by  either  of  these  methods  the 
granules  resolve  themselves  in  the  main  into  fine  diplococci  surrounded 
often  by  a  fine  halo  as  to  the  nature  of  which  we  shall  speak  later. 
TVhen  these  diplococci  are  present  in  any  numbei-s  there  may  also  be 
isolated  minute  spherical  and  ovoid  bodies  of  the  same  dimensions  and 
there  may  also  be  seen  occasional  strings  of  three  or  four  coccus-like 
bodies. 

*  Read  at  the  meeting-  of  the  Association  of  American  Physicians.  Wash- 
ing-ton, May,  1899. 

t  "MmT  and  Ritchie,  Manual  of  Bacteriology,  Edinburgh  and  London,  1899, 
p.  109. 
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AVe  have  recognized  these  in  the  livers  of  man,  the  cow,  sheep,  rab- 
bit, and  gninea-pig.  At  first,  working  with  the  cirrhotic  livers  of 
cattle  and  of  man,  one  of  us  w^as  inclined  to  regard  these  as  peculiar  to 
cirrhosis,  but,  as  already  announced  (1),  fuller  study  having  shown 
their  existence  in  the  apparently  normal  liver,  they  cannot  be  regarded 
as  specific  of  any  one  disease,  although  it  is  possible  that  they  are  one 
factor  in  the  production  of  certain  forms  of  fibrosis.  Under  these 
conditions  they  tend  to  take  on  a  relatively  deep  stain,  but  in  the  ma- 
jority of  eases  they  stain  badly,  have  a  characteristic  brownish  tinge 
and  would  seem  to  be  dead. 

From  several  cases  of  cirrhosis  in  which  these  were  recognizable, 
cultures  gave  either  vigorous,  or  what  we  must  now  regard  as  attenu- 
ated, growths  of  a  colon  bacillus,  while  after  intravenous  inoculation 
of  adult  rabbits  with  48-hour  broth  gi-owths  of  our  stock  culture  of 
the  colon  bacillus,  which  is  in  every  respect  typical,  the  liver  cells 
showed  these  minute  diplococcus  forms  in  enonnous  numbers. 

We  were  therefore  led  to  conclude  that,  while  it  might  be  that  other 
bacillary  forms  may  also  show  a  diplococcus-like  appearance  in  the  tis- 
sues, we  had  adequate  evidence  that  the  colon  bacillus  can  show  this 
appearance,  and  during  the  last  few  months  we  have  conducted  a  long 
series  of  observations  bearing  more  especially  upon  this  diplococcus- 
like  modification  of  the  bacillus.  Our  work  is  divisible  into  two  por- 
tions : 

I.  On  the  production  of  a  diplococcoid  form  of  the  colon  bacillus 
outside  the  organism. 

II.  On  the  diplococcoid  form  of  the  bacillus  within  the  tissues. 
The  fonner  portion  has  been  undertaken  in  part  by  Dr.  Xicholson, 

the  latter  portion  and  the  studies  upon  gTowths  in  body  fluids  by  Dr. 
Maude  E.  Abbott.* 

*  But  for  the  fact  that,  by  my  previous  publication  on  the  subject,  I  have 
made  myself  peculiarly  resi^onsible  for  fhese  observations  upon  the  colon 
bacillus.  I  would  very  gladly  have  left  my  own  name  off  the  title  page;  for, 
in  consequence  of  prolonged  absence  from  my  laboratories,  the  observa- 
tions have  been  throughout  conducted  by  Dr.  Abbott  and  Mr.,  now  Dr., 
Nicholson,  and  I  cannot  sufHciently  acknowledge  the  enthusiasm  which 
thev  have  thrown  into  the  work.  J.  G.  A. 
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0\  THE   IMJOnUOTION  OUTSIDK  THE  BODY  OF  A  DI1M,()(<)C<'(>II»   I(>1{M   OF  TIFK 

COI.OX    BACILLI'S. 

AVliili>  iiiidcr  ordiiiarv  coiiditujns  of  growtli  (mt>id('  rlic  Imdv  and 
ordinavv  staininii;,  by  LofHer's  l)lue  for  example,  the  colon  haciiins  is 
an  undoubted  bacillus  with  no  recognizable  internal  organization,  it 
has  been  a  matter  of  frequent  observation  that  it  might  present  dis- 
tinct polar  staining,  and  indeed,  when  stained  by  fuchsin  or  other 
strong  reagent  for  purposes  of  photography  this  so-calle(j  jx.lar  stain- 
ing is  very  conspicuous.  AVe  need  but  refer  to  the  ^•arious  published 
photographs  to  confirm  this  statement.  In  these  photographic  repro- 
ductions of  film  preparations  from  cultures,  the  majority  of  the  bacilli 
are  seen  to  be  present  as  two  rounded  coccus-like  lx)dies  lying  in  close 
apposition,  a  common  enclosing  or  joining  sheath  l)eing  more  or  less 
clearly  evident. 

The  appearance  here  observed  is  that  which  is  generally  spoken  of 
as  ''  polar  staining."  It  is  common  to  a  large  number  of  bacteria  and, 
in  not  a  few  cases,  as  for  example  among  the  bacteria  of  luemorrhagic 
septicaemia,  has  led  in  the  past  to  not  a  little  confusion  in  descriptions, 
authorities  having  been  divided  as  to  whether  to  class  bacteria  exhibit- 
ing the  property  in  a  marked  degree  as  bacilli  or  diplococci.  In  cer- 
tain cases,  as  in  connection  with  the  typhoid  bacillus,  it  has  been  attrib- 
uted to  a  retraction  of  the  pi-otoplasm  to  the  poles  during  the  process 
of  preparation  and  staining  of  the  film  of  bacteria — and  thus  has  been 
regarded  as  an  artifact. 

We  shall  not  here  enter  into  the  discussion  concerning  polar  and 
metachromatic  granules,  Init  simply  state  that  our  observations,  so  far 
as  they  go,  would  seem  to  negative  this  latter  supposition  and  to  ren- 
der it  evident  that  in  the  case  of  the  colon  bacillus  at  least,  there  is  a 
structural  condition  or  internal  organization  of  the  microbe  underly- 
ing and  explaining  sucli  polar  staining.  AVhat  is  more,  they  show  us 
that  the  appearances  seen  in  the  colon  bacillus  are  closely  allied  to  the 
"  beading  "  to  be  made  out  in  the  tubercle  bacillus  under  certain  con- 
ditions of  growth  and  envii'onment. 
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As  already  pointed  out  by  A.  Schmidt  (2),  Rodet  (3)  and  others, 
the  colon  bacillus  varies  according  to  the  length  of  time  it  is  kept  out- 
side the  body,  according  to  the  mode  in  which  it  is  grown,  the  reaction 
of  the  medium,  the  temperature,  and  the-  part  from  which  it  has  been 
isolated.  Eodet  has  found  that  when  it  is  taken  from  the  healthy  in- 
testines the  individuals  during  the  earlier  generations  outside  the  body 
are  singularly  even  in  length  and  thickness  and  stain  well  throughout; 
wdien  taken  from  diseased  tissues — from  the  inflamed  gall  bladder,  for 
example — this  is  no  longer  the  case ;  they  are  in-egiilar  both  in  length 
and  thickness,  they  stain  iiTegularly  and  show  clear  spaces  and  deeper 
staining  portions. 

Rodet  points  out  that  a  temperature  of  44-45^  C.  leads  during  the 
first  few  hours  to  the  appearance  of  very  long  filaments,  though  other 
individual  forms  are  of  the  normal  length.  All  these  filaments  show 
refractive  bodies  which  take  up  intensely  the  basic  aniline  color.  After 
24  hours  these  long  filaments  disappear.  In  addition,  according  to 
this  author,  growth  upon  broth  containing  2.5  per  cent  lactose  leads 
to  the  production  of  peculiar  short  and  small  forms  almost  like  cocci, 
the  majority  of  which  are  double  and  in  the  form  of  diplococci. 

These  observations  of  Rodet  have  just  come  into  our  hands  and  we 
can  in  the  main  confirm  them;  indeed,  in  ignorance  of  this  work  pub- 
lished two  years  ago,  we  have  been  working  very  much  along  the 
same  lines  as  those  indicated  by  Roilet;  who,  however,  it  may  be  added, 
has  noted  these  appearances  without  studying  more  fully  their  nature. 

AVe  find  that  the  long  filaments  mentioned  by  Rodet  are  to  be  ob- 
served in  cultures  kept  for  a  few  hours  at  a  high  temperature.  It 
must  not,  however,  be  thought  that  they  are  exclusively  confined  to 
this  period.  Similar  long  filaments  showing  even  more  clearly  the 
presence  of  deeper  staining  bodies  within  them,  are  to  be  gained  from 
old  cultures  associated  with  involution  fonns.  Thus  in  a  specimen 
of  our  stock  colon  bacillus  grown  for  a  fortnight  in  broth  containing 
a  trace  of  bile,  we  found  great  numbers  of  these  long  bodies  and, 
associated  with  them,  large  numbers  of  a  small  diplococcus  form.  Per- 
haps the  most  interesting  of  these  long  filaments  were  observed  in  an 
agar  plate  culture  obtained  from  the  spleen  in  a  case  of  cirrhosis  which 
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had  been  sulijeeted  for  a  few  lioin-s  to  a  teinporatiire  of  al)<)\it  45° 
or  46°;  removed  from  tlie  ineiibator,  this  had  prowii  under  difficul- 
ties (bronaht  about  by  tlie  partial  drviii<:-u])  of  the  niediuni)  for  fonr 
days  at  the  ordinary  temperature.  In  this  the  dis|X)sition  of  the 
deeper  stainino-  points  was  remarkable  (vide  Fig.  8,  Plate  XVIII). 
Seen  under  the  1/3  Sth  immersion  lens,  after  staining  by  carbolic 
fuchsin  and  decolorizino-  by  weak  acetic  acid,  these  fine  deeper  stain- 
ing points  were  arranged  in  a  succession  of  ]iairs  with  occasional  larger 
single  ovoid  bodies  interposed.  We  have  come  across  one  other  speci- 
men of  a  rather  prolonged  growth  in  which  the  same  appearance  was 
recognizable  though  not  quite  so  clearly.  Possibly  the  exact  extent 
of  the  staining  and  subsequent  decolorization  may  have  something  to 
do  with  the  difficulty  in  recognizing  this  particular  arrangement  of 
the  contained  bodies. 

AVe  have  also  found  that  taking  saliva,  filtering  and  sterilizing  it, 
and  making  cultures  in  this  medium  at  the  ordinary  temperature,  we 
obtain  the  production  of  these  long  filaments,  which  may  be  present 
in  the  growth  not  only  during  the  first  24  houre  l)ut  during  the  con- 
tinuance of  the  culture. 

Under  these  conditions  in  the  saliva  of  one  of  us  (F.  J.  X.)  the 
bacilli  were  throughout  singularly  slim  and  in  the  later  growths  again 
they  tended  to  show  the  development  ^^'ithin  the  bodies  of  the  bacilli 
of  a  succession  of  deeply-staining  dots. 

A.  Schmidt  has  noted  that  he  obtained  these  filamentous  fonns  of 
the  colon  bacillus  by  the  addition  of  caustic  soda  to  broth.  AVe  found 
that  we  obtained  the  longest  forms  by  employing  lactose  broth  ren- 
dered 1.5°  acid  *  to  phenolphthalein  and  containing  2.5  per  cent  lac- 
tose. Here  more  especially  on  the  surface  exposed  to  the  air  at  the 
end  of  24  hours  we  obtained  remarkably  long  filaments.  Indeed,  we 
cannot  agree  with  Eodet  that  the  addition  of  this  relatively  large 
percentage  of  lactose  to  broth  results  in  the  production  of  the  diplo- 
coccus  fonns.  It  is  a  misfortune  that  Eodet  did  not  state  more  jire- 
cisely  the  composition  and  the  reaction  of  his  broth. 

*  According  to  the  standard  given  in  the  report  of  a  committee  of  Amer- 
ican Bacteriologists,  1S98. 
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In  order  to  obtain  tlie  diplococcoid  forms  of  the  bacillus  we  con- 
ducted a  series  of  experiments  npon  growth  in  broth  of  varying  de- 
grees of  alkalinity  and  acidity  at  a  temperature  of  46°.  Under  these 
conditions  it  seemed  certain  that  after  the  first  24  honrs  we  obtained, 
more  especially  in  slightly  acid  broths,  a  relatively  increased  propor- 
tion of  short,  forms  with  polar  staining,  but  we  conld  not  convert  all 
the  bacilli  into  the  diplococcoid  form.  It  was  when  we  attempted  to 
grow  the  bacillus  upon  certain  of  the  body  fluids  that  we  met  with  the 
greatest  amount  of  success. 

The  frequency  with  which  we  had  encountered  this  diplococcus 
form  in  our  observations  in  the  liver  made  us  wonder  whether  our 
method  of  gaining  cultures  might  not  have  been,  in  part  at  least,  ac- 
countable for  the  phenomenon.  As  Livingood  (4)  has  shown,  growth 
of  the  colon  bacillus  upon  organic  juices  expressed  from  the  liver, 
spleen,  etc.,  has  some  slight  effect  upon  the  morphology'  of  this  mi- 
crobe. He  noted  that  while  the  colon  bacillus  in  general  was  rela- 
tively very  large  when  grown  upon  healed  liver  juice,  upon  unheated 
he  obtained  very  short,  thick,  almost  oval  forms  with  abrupt  ends,, 
these  occurring  occasionally  in  pairs.  Here  in  the  develoinnent  of 
these  oval  forms  there  is,  it  may  be  urged,  an  approach  towards  our 
diplococcoid  form,  but  so  careful  an  obser\'er  would  have  made  a 
fuller  note  upon  the  subject  had  he  recogniized  constantly  the  devel- 
opment of  the  diplococcoid  appearance. 

But  it  must  be  pointed  out  that  there  is  a  difference  between  inocu- 
lating a  medium  with  a  loopful  of  a  culture,  i.  e.  with  hundreds  of 
thousands  of  a  micro-organism,  and  employing  a  medium  in  which 
what  bacilli  are  present  have  gained  an  entrance  through  the  ducts  and 
excretory  channels  of  the  organ  from  which  the  fluid  has  been  ob- 
tained. Working  with  bile  for  example,  we  have  frequently  found 
that  by  making  ordinar^^  streak  cultures  in  the  usual  method  we  ob- 
tained no  results,  whereas,  gaining  the  bile  direct  from  the  l)ladder  by 
means  of  a  pipette  and  adding  a  drop  or  two  of  this  to  broth,  growths 
were  obtainable. 

The  conclusion  which  we  have  reached  is  that  in  such  cases  the 
bacteria  have  been  present  in  relatively  small  numbei*s,  numbers  so 
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small  that,  the  sdiiicwliat  weak  iiiliiliitory  actidii  nf  the  liilc  lia<  \>cc\\ 
sntticiciit.  to  prevent  urowtli  when  this  lulc  has  not  lieeii  dilutecl.  All 
our  work  iioes  to  show  in  fact,  that  hile  has  a  slight  inhiliitni-y  eH'cct, 
not  necessarily  destroying  the  niicro-org'anisni.s,  but  permitting  growth 
to  continue  under  nnfavorahl(^  conditions  and  it  is  under  these  nn- 
favoral)le  conditions  that  we  have  obtained  either  absence  of  growth 
or  develdjinient  oi  the  di[)lo('o('('(»id  form.  I'dr  example,  we  have  no- 
ticed in  several  cases  that  whereas  with  bile  taken  imm<Mliately  from 
the  body  wo  have  obtained  no  cultures,  when  a  pijiette  of  that  bile 
has  been  kept  for  several  days  in  the  incubator,  fairly  numerous  fine 
colonies  of  the  B.  coli  have  developed  in  which  the  individuals  show 
a  tendency  to  assume  the  diplococcoid  form.  These  obseiwations  pre- 
pared ns  to  find  that  the  diplococcoid  fomi  of  the  bacillus  might  be 
a  modification  brought  about  by  the  action  of  the  body  fluids;  but 
more  especially  Avere  we  led  to  employ  these  body  fluids  by  two  inter- 
esting observations. 

In  September,  1898,  our  attention  was  called  by  Dr.  AV.  F.  Hamil- 
ton to  a  case  of  what  was  diagnosed  as  atrophic  cirrhosis  in  the  medi- 
cal wards  of  the  Royal  Victoria  Hospital;  this  diagnosis  was  subse- 
quently fully  confirmed  at  autopsy.  Through  the  kindly  interest  of 
Dr.  Hamilton  we  were  present  at  the  first  tapping  of  the  patient  and 
then  obtained  under  careful  antiseptic  precautions  sterilised  flasks 
of  the  ascitic  fluid ;  at  the  same  time  a  guinea-pig  was  inoculated  with 
10  cc.  of  the  same  fluid  and  cultures  were  made  directly  upon  broth, 
agar  and  blood-serum. 

A  full  account  of  this  case  is  on  the  point  of  publication  by  one  of 
us  and  we  will  here  give  only  a  brief  epitome  of  the  results. 

Upon  agar  and  Loffler's  blopd-serum,  there  developed  scattered 
small  colonies  of  a  form  which  at  first  was  taken  to  be  a  diplococcus 
but  which  later,  in  th«  coui"se  of  48  hours,  upon  these  media  as  in 
the  broth,  showed  the  presence  of  definite  stumpy  bacilli,  often  ar- 
ranged as  short  diplo-bacilli,  in  fact,  the  form  which  we  recognize  as 
very  characteristic  of  the  colon  bacillus.  Unfortunately  vacation  time 
came  on  and  the  opportunity  to  examine  fully  these  forms  passed  by. 
However,  the  guinea-pig  died  in  24  days,  the  autopsy  was  performed 
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a  few  minutes  after  death  and  from  all  the  organs  we  obtained  a  pure 
culture  of  the  colon  bacillus  which  appeared  to  be  quite  typical. 
Among  the  organs  from  which  cultures  were  made  was  the  gall-blad- 
der; this  gave  a  pure  culture  of  the  colon  bacillus. 

A  pipette  full  of  the  bile  of  this  gtiinea-pig,  which  possessed  the 
•  characters  dwelt  upon  by  Welch  and  Blachstein  (5),  i.  e.  was  clear, 
abundant  and  of  a  light  color,  showed  even  when  placed  in  the  incu- 
bator no  apparent  growth  but  remained  unclouded;  at  most  a  few 
fine  granular  flocculi  were  present  after  some  days.  But  upon  exam- 
ining a  film  of  this  bile  which  had  thus  been  kept,  it  was  found  to 
contain  abundant  minute  diplococci  (vide  Fig.  12,  Plate  XVIII). 
These  grew  easily  when  transferred  to  agar,  the  colonies  being  minute 
and  much  smaller  than  those  of  the  typical  colon  bacillus. 

From  the  first  transfer  upon  broth,  coccus  and  diplococcoid  forms 
predominated  with  occasional  homogeneous  stumpy  bacilli  (vide  Fig. 
1,  Plate  XVIII).  Later  transfers  upon  agar  from  this  broth  led  to  the 
development  of  the  typical  bacillar)'  form — stumpy  bacilli  with 
rounded  ends,  often  arranged  as  short  diplo-bacilli  and  showing  a  ten- 
dency towards  polar  staining.  The  moi-phological  features  of  the  cul- 
tures now  became  coarser  and  resembled  those  of  the  ordinaiy  colon 
bacillus. 

Evidently,  therefore,  the  bile  of  the  giiinea-pig  exercised  an  inhib- 
itory eifect  upon  the  growth  of  the  colon  bacillus  and  this  in  two  di- 
rections: In  the  first  place  the  growth  was  peculiarly  slow,  so  that 
the  bile  did  not  become  turbid;  in  the  second,  the  individual  bacilli 
were  distinctly  modified,  they  were  very  much  smaller  than  normal 
and  stained  in  such  a  way  that  they  might  easily  be  mistaken  for  min- 
ute diplococci.  In  fact  the  resemblance  between  these  minute  diplo- 
cocci and  the  minute  diplococcus  forms  seen  both  in  the  cirrhotic  and 
the  normal  liver  is  most  striking. 

What  is  true  of  the  bile  would  seem  equally  true  of  the  ascitic  fluid 
taken  from  this  case  of  cirrhosis.  The  fluid  obtained  was  slightly 
opalescent;  and  upon  keeping,  there  gradually  separated  out  a  thin, 
gelatinous,  proteid  precipitate.  Placed  in  the  incubator,  the  fluid 
remained  clear,  and  for  the  first  few  days  appeared  to  be  sterile:  by  the 
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oiicl  of  a  fortnialit,  Iiowtn'cm",  a  iiraimlar  (Icpusit  was  distiiif^uisliod  and 
now  oxaniination  dt"  ilic  Hnid  sliowcil  the  iiroseiu'c  in  it  of  .sing'ularly 
ininnto  diplococci  tending  to  be  arranged  in  eliains  (vide  Fig.  2,  Plate 
XV III).  It  may  be  remarked  that  this  cdiain-like  arrangement  of  the 
colon  haeilhis  has  been  previously  obsen-ed  by  Dunbar  (6),  Schmidt 
and  other  workei'S. 

Between  September  3  and  October  13  no  less  than  five  tap[)ings 
Avere  made,  of  ^vhich  the  third  and  fifth  were  snbjectccl  to  examination. 
Both  of  these  gave  cidtnres  upon  broth  and  agar  showing  diplococci 
merging  into  stnmpy  ovoid  forms.  Here  again,  cultures  were  made 
immediately  from  the  ascitic  fluid  "which  showed  forms  of  the  colon 
bacillus,  but  the  ascitic  fluid  kept  in  the  incubator  presented  only  pure 
cultures  of  an  extremely  minute  diplococcus.  After  keeping  for  3 
weeks,  subcultures  upon  agar  made  from  the  ascitic  fluid  no  longer 
gave  the  typical  colon  form;  instead  of  this,  a  modified  form  was  ob- 
tained, the  indiWduals  remained  relatively  small  and  very  short  (vide 
Fig.  5,  Plate  XYIII);  only  after  prolonged  subculture  and  successive 
inoculations  from  1  per  cent  glucose  broth  did  the  forms  become 
slightly  larger  and  developed  into  a  stumpy  diplo-bacillus  smaller  than 
the  typical  colon  bacillus.  AYhat  is  more,  they  did  not  induce  fer- 
mentation of  glucose  or  dextrose  broth  or  cause  the  indol  reaction.  It 
must  be  pointed  out  that  by  this  process  of  successive  cultivation 
through  glucose  broth,  the  form  which  was  a  characteristic  diplo- 
coccus had  become  converted  into  a  small  bacillus  arranged  as  a 
diplo-bacillus  and  this  stained  homogeneously. 

Upon  passage  through  three'  guinea-pigs  (the  guinea-pigs  l>eing 
tilled  from  twelve  to  twenty-four  hours  after  intraperitoneal  inocula- 
tion) and  growth  upon  2.5  per  cent  lactose  broth,  the  fonn  has  be- 
come still  larger  and  more  typical  but  still  we  fail  to  obtain  gas  pro- 
duction (vide  Fig.  6,  Plate  XVIII)." 

"Within  the  last  few  days  we  have  again  obtained  this  diplococcus 
fonn  from  the  human  body.     The  patient,  under  Dr.  G arrow  in  the 

*  Since  reading-  this  paper  at  Washington  we  have  obtained  similar  results 
with  the  ascitic  fluid  from  another  case  of  atrophic  cirrhosis  in  the  service 
of  Dr.  W.  F.  Hamilton,  in  which  again  the  diagnosis  was  confirmed  at  the 
autopsy. 
24 
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surgical  wards  of  the  Eoyal  Victoria  Hospital,  suffering  from  marked 
biliaiy  crises,  was  operated  upon  in  the  expectation  of  finding  a  con- 
dition of .  cholecystitis  with  gall-stones.  I^pon  opening  the  abdomen, 
a  small  amount  of  fluid  escaped  and  a  platinum  loop  of  this  was 
smeared  upon  agar-agar,  which  remained  sterile,  and  immediately 
about  a  drachm  of  the  fluid  was  collected  under  strict  aseptic  precau- 
tions in  a  sterile  flask  and  brought  to  the  Pathological  Laboratory. 
Here  this  was  added  to  about  an  equal  quantity  of  sterilised  broth  and 
placed  in  the  incubator.  Upon  continuing  the  operation,  the  gall- 
bladder and  ducts  were  found  pervious;  there  was  however  a  condi- 
tion of  perihepatitis  with  subacute  peritonitis  affecting  the  upper  half 
at  least  of  the  abdominal  cavity  and  with  this  was  associated  some 
thickening  of  the  great  omentum. 

Upon  examining  the  above-mentioned  broth  culture  after  24  hours, 
Dr.  Brown,  the  resident  surgeon,  found  that  it  contained  a  pure  cul- 
ture of  minute  diplococci  and  immediately  called  our  attention  to  it. 
In  the  features  of  this  growth  upon  various  media,  this  form  has  so 
far  been  found  to  resemble  the  minute  diplococcus  already  mentioned 
as  obtained  from  the  case  of  cirrhosis,  though  the  growth  is  slightly 
more  active  and  free.  Passage  through  guinea-pigs  and  lactose  broth 
has  resulted  in  the  development  of  a  form  identical  with  that  just 
mentioned  (vide  Fig.  7,  Plate  XVIII). 

There  is  very  slow  development  of  turbidity  in  ordinary  broth, 
rather  more  rapid  in  glucose  broth,  but  with  an  absence  of  any  sign  of 
fermentation.  The  growths  upon  the  surface  of  agar  in  both  were  at 
first  singularly  fine  so  that  they  resembled  closely  those  of  the  Strepto- 
coccus pyogenes,  though  possibly  more  transparent  than  the  latter. 
Upon  potato  the  growth  was  invisible;  upon  blood-serum  the  colonies 
were  also  very  fine  and  were  of  an  opaque  white  fading  to  a  yellow 
tinge.  Upon  gelatine  there  was  slow  gTowth  without  liquefaction, 
while  litmus  milk  was  decolorized  until  it  became  almost  perfectly 
white,  then  slowly  in  the  course  of  the  5th  day  or  so  a  fine  pink  color 
was  developed  in  the  medium;  the  milk  was  coagulated  at  the  end  of  a 
week.  Growth  upon  broth  was  definite  but  not  abundant  and  was 
associated  with  singularly  little  turbidity,  a  white  somewhat  stringy 
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precipitate  lieiiiii'  slowly  fdrnicd.  In  tlic  fcniicntation  tube  the  open 
liiiil)  became  opnleseeut  or  iiiudcrarcly  turbid  in  the  course  of  48  hours, 
the  closed  lindi  i-cniainod  perfectly  (dear,  and,  in  addition,  in  neitliei- 
glucose  nor  in  lactose  is  there  any  production  of  gas;  further,  there 
was  and  is  no  indol  reaction,  and  if  turbidity  be  present  it  is  still  singu- 
larly slight. 

It  is  unnecessary  here  to  describe  all  the  methods  that  we  have  em- 
ployed in  order  to  cause  these  forms  to  revert  to  type.  Briefly,  we 
may  say  that  we  have  obtained  the  greatest  change  by  culture  for  24: 
hours  upon  broth  rendered  1.5°  acid,  according  to  the  method  rec(^im- 
mended  by  the  Committee  of  Bacteriologists,  to  which  2.5  per  cent  of 
lactose  has  been  added.  In  this  medium  already  at  the  end  of  24 
hours  there  is  abundant  growth  and  well-developed  turbidity,  and  the 
individual  forms  are  relatively  large  and  ovoid,  frequently  arranged 
as  stumpy  bacilli  (v.  Tigs.  6  and  7,  Plate  XVIII). 

"When  this  form  is  inoculated  into  the  guinea-pig  intraperitoneal ly 
and  cultures  made  from  the  peritoneal  fluid  at  the  end  of  9  hours,  both 
upon  agar  and  glucose  broth,  gTO-\\1:h  upon  glucose  broth  in  the  fer- 
mentation tube  is  much  more  active  than  before  inoculation;  and 
whereas,  previous  to  inoculation,  only  the  open  end  of  the  tube  had 
been  rendered  opalescent,  now  there  is  turbidity  throughout  both 
tubes.  As  already  stated  after  passage  through  three  guinea-pigs  and 
growth  of  this  same  medium  the  form  produced  is  undistinguishable 
from  the  normal  colon  bacillus. 

It  is  possible  that  this  remarkable  and  somewhat  pemstent  diplo- 
coccoid  fonii,  obtained  both  from  the  bile  of  the  inoculated  guinea- 
pig  and  from  the  ascitic  and  peritoneal  fluids,  has  become  attenuated 
during  its  stay  in  the  body;  and,  in  the  case  of  the  bile  for  example,, 
during  the  passage  through  the  liver  the  colon  bacilli  have  been, 
markedly  modified.  We  have  taken  sterilised  human  bile  and  added 
to  this  a  minute  quantity  of  a  stock  culture  of  the  colon  bacillus  and 
have  not  been  able  to  obtain  in  the  bile  the  diplococcus  fonn  alone, 
although  it  is  true  that  diplococcus  forms  have  been  relatively  abun- 
dant. 

Here  it  is  interesting  to  recall  a  point  which  we  again  find  obser^'ed 
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by  Rodet,  namely,  that  the  hinnan  bile  has  a  distinct  inhibitory  effect 
upon  the  multiplication  of  the  colon  bacillus.  Bile,  to  which  a  mi- 
nute drop  of  a  twenty-four-hour-old  culture  had  been  added,  remained 
to  all  appearances  perfectly  clear  and  apparently  no  growth  had  oc- 
cun'ed  duiing  four  days;  but  when  a  drop  of  this  bile  was  added  to 
about  10  ccm.  of  slightly  alkaline  broth  and  placed  in  the  incubator, 
that  broth  rapidly  became  turbid,  and  there  was  most  abundant  de- 
velopment of  the  bacilli.  "We  are  making  further  obseiwations  upon 
this  modification  of  the  bacillus  by  growth  in  bile.  This,  however, 
may  be  said  at  the  present  time:  that  possibly  the  existence  of  bac- 
teria in  the  bile  may  easily  be  overlooked  when  the  ordinaiy  methods 
of  culture  upon  solid  media  are  employed,  the  concentrated  bile  inhib- 
iting their  gTO"s\i:h. 

One  of  us  (M.  E.  A.)  has  already  found  that  human  bile  (3  cases), 
"which  was  apparently  sterile  when  streaked  upon  agar-agar,  gave 
abundant  cultures  of  the  colon  bacillus  when  a  small  drop  was  added 
■to  about  10  ccm.  of  glucose  broth. 

CONCLUSIONS. PART  I. 

1.  The  short  form  of  the  normal  colon  bacillus,  cultivated  upon 
tlie  ordinary  bacteriological  media,  frequently  presents  polar  stain- 
ing; the  appearance  given  being  that  of  two  rounded  bodies  staining 
more  deeply  than  the  rest  of  the  bacillus  and  lying  in  and  united  by 
less  deeply  staining  material. 

2.  In  the  more  filamentous  forms  a  succession  of  these  more  deeply 
staining  bodies  is  at  times  to  be  recog-nized. 

3.  Growth  outside  the  body  under  relatively  unfavorable  conditions 
renders  the  polar  staining  more  prominent,  so  that  the  shorter  forms 
may  closely  resemble  diplococci,  and  the  filamentous  forms  show  a 
common  unstained  or  lightly  staining  sheath  in  which  is  to  be  made 
out  a  succession  of  minute  dots  in  pairs,  and  of  somewhat  larger  more 
ovoid  dots. 

4.  We  have  so  far  been  unable  by  modifying  the  reaction  of  ordi- 
nary media  and  by  continued  growth  at  a  high  temperature  (46°  C.) 
to  produce  cultures  in  which  the  diplococcoid  form  alone  has  been 
present,  although  by  these  means  we  have  gained  cidtures  in  which 
this  form  has  predominated. 
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r>.  On  tlic  other  liniul  eoi'tnin  Ixidy  llnid?*  sown  iintnrally,  if  we  may 
?o  term  it,  with  the  colon  l)acilluf — (.  c.  tlie  ascitic  aiul  peritoneal  flnids, 
from  a  case  of  hepatic  cin-liosis  and  of  peritonitis  respectively,  and  the 
Inle  of  a  gninea-pig'  inoculated  with  an  attennafc<l  (?)  f^rni  of  the  cohm 
bacillus — have  yielded  us  diidociK-coid  growths  so  moditied  that  we 
have  not  so  far  been  able  to  cause  them  to  revert  completely  to  "  type." 

G.  It  has  been  by  the  prolonged  action  of  these  fluids  that  thesG 
changes  in  the  colon  bacilli  have  been  produced;  cultures  made  from 
them  immediately  after  removal  from  the  body  have  yielded  us,  either 
immediately  or  after  one  or  two  transfers,  typical  cultures  of  the  colon 
bacillus;  where  these  fluids  have  been  kept  from  ten  to  twenty  days 
the  modified  diplococcoid  form  has  been  produced. 

7.  The  slight  but  definite  inhibitory  action  of  bile  upon  the  growth 
of  the  colon  bacillus  is  shown  in  two  ways:  (a)  Streak  cultures  of  bile 
upon  agar  may  remain  sterile,  whereas  the  same  bile  added  to  ordinary 
peptone  broth  may  be  the  seat  of  active  growth,  (h)  Similar  bile 
kept  for  several  days  in  the  incubator  remains  clear  and  shows  singu- 
larly little  evidence  of  gTOwtli  within  it,  while  subcultures  from  this 
yield  fairly  numerous  colonies  of  a  modified  diplococcoid  form  of  the 
bacillus. 

8.  The  ascitic  fluid  from  a  case  of  hepatic  cirrhosis  was  found  to 
possess  similar  properties  of  modifying  the  colon  bacillus  and  inhibit- 
ing its  growth. 

9.  These  modified  colon  bacilli  are  relatively  minute,  assume  a  dip- 
lococcoid form,  are  non-motile,  form  pin-point  colonies  upon  agar- 
agar,  cause  but  slight  turbidity  in  broth  and  an  almost  in^-isible 
growth  upon  potato,  act  but  slowly  upon  litmus  milk,  have  lost  the 
power  of  fermenting  glucose,  lactose  and  dextrose  broths,  and  do  not 
develop  the  indol  reaction. 

PART  II. 

ox  THE  DIPLOCOCCUS-LIKE  MODIFICATIOX'  OF  THE  COLOX  BACILLUS  IX  THE 

TISSUES. 

Taking  a  series  of  four  young  rabbits,  weighing  from  225  to  305 
grms.,  we  inoculated  into  the  marginal  vein  of  each  0.75  ccm.  of  a 
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24-liour  growth  of  the  colon  bacillus  and  killed  the  animals  at  intei-vals 
of  15  minutes,  30  minutes,  1  and  2  hours.  The  various  organs  were 
immediately  placed  in  fonnol-Miiller  and  were  subsequently  cut  in 
celloidin  and  paraffin,  the  sections  being  stained  by  earl)ol-thionin. 

Our  attention  was  at  first  especially  directed  to  the  liver.  Here  ai- 
re r.dy  in  the  animal  killed  15  minutes  after  intravenous  inoculation, 
a  definite  series  of  changes  was  seen  to  have  occuiTed  (vide  Figs.  13 
and  14,  Plate  XIX).  In  the  blood  vessels  of  the  liver  free  bacilli  of 
ncmal  size  and  appearance  were  occasionally  to  be  observed  but,  al- 
ready, bacilli  could  be  recognized  within  the  leucocytes  in  the  blood 
stream.  The  number  of  these  leucocytes  was  not  excessive  but  each 
Contained  a  relatively  large  number  of  bacilli.  In  addition,  already 
the  endothelium  lining  the  vessels  was  seen  to  be  very  prominent ;  here 
and  there  these  cells  contained  a  fairly  large  niunber  of  bacilli. 

In  30  minutes  the  number  of  bacilli  in  the  endothelial  cells  and  the 
number  of  endothelial  cells  containing  bacilli  was  markedly  increased. 
These  bacilli  situated  watliin  the  endothelial  cells  already  showed 
strongly  marked  differences  from  those  free  in  the  blood  stream.  The 
latter  were  of  normal  length  and  thickness  and  took  on  a  homogene- 
ous stain.  Those  within  the  endothelial  cells  were  short  and  stumpy, 
sometimes  almost  coccus-like.  The  appearance  given  is  that  of  a 
primitive  bacillus  liavinp;  been  broken  up  into  shorter  lengths. 

V 

In  the  rabbit  killed  ax  the  end  of  one  hour,  the  number  of  bacilli 
seen  in  the  blood  stream  was  distinctly  less;  but  there  was  a  further 
increase  of  those  in  the  endothelial  cells.  Occasionally  in  the  endo- 
thelial cells  relatively  large  bacilli  could  be  seen,  but  the  majority  of 
forms  were,  as  in  previous  specimens,  very  short  and  stumpy,  and  the 
impression  gained  by  a  study  of  the  sections  is  that  the  bacillus  is 
taken  up  in  the  long  form  and  subsequently  broken  up  into  shorter 
sections.  At  this  period  no  well  stained  bacilli  could  be  seen  in  the 
liver  cells.  Already  in  the  endothelial  cells  certain  of  these  stumpy 
foi-ms  had  the  appearance  of  diplococci  of  fair  size. 

In  the  liver  of  the  rabbit  killed  two  hours  after  inoculation  the 
same  appearances  were  to  be  made  out  as  those  seen  in  the  rabbit  of 
one  hour,  namely,  the  presence  of  short  and  stumpy  bacilli  in  the  en- 
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dotliolial  rolls;  avo  woro  of  the  opinion  that  a  laruor  projx.rtif.n  of  thoso 
liad  the  a]>pcaranco  of  diplocooei  than  in  the  ])revions  sections.  In 
se\ cral  jilaces  between  the  liver  cells,  as  indeed  also  in  sections  taken 
at  ;iu  earlier  period,  there  were  to  l)e  made  ont  apparently  within  the 
vessels  hyaline  masses  which  contained  numerous  bacilli.  "\Ve  have 
found  some  little  difficulty  in  coming  to  a  conclusion  as  to  the  nature 
of  these  masses;  the  large  ones  would  seem  certainly  to  be  hyaline 
thrombi,  but  in  the  smaller  ones  it  was  often  difficult  to  nuike  quite 
certain  whether  Ave  Avere  not  dealing  Avith  some  phenomenon  in  con- 
nection A\nth  the  endothelial  cells;  for  A'cry  frequently  a  nucleus  of 
endothelial  type  Avas  in  close  connection  Avitli  these  smaller  hyaline 
masses.  We  could  not  absolutely  leave  out  of  account  the  possibility 
that  we  Avere  dealing  Avith  veiy  greatly  sAvollen  endothelial  cells. 

I^p  to  this  point  Ave  Avere  unable  to  recognize  in  any  of  the  sections 
of  this  series  indications  that  the  bacilli  had  been  taken  up  by  the 
liver  cells.  But  in  a  rabbit  killed  four  hours  after  inoculation  Ave 
came  across  great  numbers  of  extremely  minute  broAAmish  shadows 
definitely  Avithin  the  hepatic  parenchyma  (v.  Fig.  15,  Plate  XX).  "We 
have  been  Avholly  unable  to  stain  these  little  bodies  and  indeed  only 
by  veiy  careful  examination  AA'ith  the  l/18th  immersion  lens  haA'e  we 
been  able  to  see  them  distinctly,  but  Avith  this  magnification  there  they 
most  certainly  are  and  the  more  carefully  they  are  studied  the  more 
clearly  they  are  seen  to  be  present  in  general  as  extraordinarily 
minute  little  brownish  diplococci,  at  times  shoAving  a  halo  around 
them.  And  the  more  one  has  studied  these  appearances  the  more  it 
seems  likely  that  this  apparent  halo  indicates  that  these  small  bodies 
lie  in  A^acuoles,  although  in  part  also  the  appearance  may  be  due  to 
the  existence  of  an  unstained  sheath  or  body  substance. 

EA'idently,  judging  by  the  sections  from  this  stage  of  the  inocula- 
tion disease,  not  only  are  the  bacilli  taken  up  in  large  numbers  into 
the  liver  cells,  but  being  taken  up  they  undergo  rapid  digestion  and 
destruction  so  that  they  can  no  longer  be  stained  by  the  ordinary  meth- 
ods and  what  we  see  are  essentially  the  shadoAvs  of  the  bacilli.  We 
have  attempted  to  make  out  the  stages  by  Avhich  the  bacilli  pass  from 
the  endothelium  into  the  liver  cells,  but  so  far  without  sTcat  success. 
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Here  and  there  in  sections  of  the  two-hour  rabbit  "\ve  hare  been  able 
to  make  out  that  the  endothelium  appeared  to  be  raised  from  the  un- 
derlying cells  and  on  the  inner  side  of  this  endothelium  veiy  rarely 
we  could  see  in  the  spaces  between  the  endothelium  and  liver  cell, 
well-stained  coccus  or  diplococcus-like  bodies.  We  are,  however,  un- 
willing to  dwell  too  strongly  upon  these  appearances,  inasmuch  as 
the  endothelial  cells  showing  these  features  were  crowded  with  bac- 
teria and  we  could  not  exclude  the  possibility  that  in  the  process  of 
preparation  the  cells  might  have  become  slightly  dislodged  and  that 
so  the  appearance  of  the  bacilli  apparently  outside  the  main  body  of 
the  cells  might  be  due  to  their  presence  in  a  slightly  different  plane. 

Taking  next  well-developed  rabbits  similarly  inoculated  and  killed 
at  the  end  of  24  hours,  we  have  found  in  them  the  presence  of  bacilli 
in  the  endothelial  cells,  wdiile  the  brown  shadows,  as  we  may  term 
them,  have  been  present  in  enonnous  numbers  in  the  liver  cells. 

Thus  far  then,  from  what  we  have  said,  it  would  appear  evident  that 
when  the  colon  bacillus  enters  into  the  circulation  it  is  liable  to  be 
taken  up  rapidly  by  the  endothelial  lining  of  the  hepatic  vessels  and 
in  this  process  undergoes  division  into  smaller  segments;  so  that  in 
the  main  one  meets  with  stumpy  forms  in  these  cells,  forms  which  still 
stain  well,  although  qjten  showing  a  tendency  towards  a  diplococcoid 
appearance.  Following  upon  this  within  4  hours  these  bacilli  are 
discharged  by  the  endothelial  cells  and  are  by  some  means  or  other 
taken  up  by  the  hepatic  cells,  and  there  are  rapidly  destroyed,  so  that 
it  is  only  by  carefid  examination  that  minute  coccus  or  diplococcus- 
like  bodies  are  discovered  within  the  liver  cells. 

It  is  interesting  to  note  that  upon  examining  a  film  of  the  bile  taken 
from  inoculated  animals  at  the  end  of  24  hours  one  can,  by  careful 
preparation,  recognize  in  it  these  veiy  minute  diplococcus-like  bodies. 
To  see  them  it  is  necessary  to  make  a  very  fine  film,  treat  with  weak 
acetic  acid,  wash,  and  then  stain  with  dilute  carbolic  fuchsin  and  ex- 
amine under  the  highest  power. 

But  we  now  come  to  certiiin  great  difficulties  in  connection  with  the 
statements  here  made.  In  the  first  place,  making  a  large  series  of 
control  obseiwations  upon  the  livers  of  apparently  normal  adult  rab- 
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Itits  wo  have  frotjuontly  ooiiu'  across  tliose  saiiic  (liplitcoccus-likc  liodirs 
and  in  fonr  instances  in  relatively  very  oroat  nnnilKrs.  Indeed,  these 
diploeoecnsdike  bodies  wonld  seem  to  he  xcvy  freipiently  present,  more 
often  present'thau  absent  from  the  rabbit's  liver. 

To  obviate  this  diffienlty  it  seemed  to  ns  that  we  might  obtain  more 
decisive  results  by  employing  very  young  rabbits,  from  3  to  0  weeks 
old.  In  onr  control  of  the  livei*s  of  these  veiy  young  rabbits,  we  have 
found  that  the  di]ilococci  appear  to  be  absent.  Upon  making  a  like 
series  of  inoculations  into  these  veiy  young  rabbits  and  killing  at  2, 
4  and  24  houi^s,  we  hoped  definitely  to  settle  the  question.  But  here 
at  first  we  had  wholly  negative  results.  By  our  routine  methods  of 
staining  we  were  unable  to  detect  any  bacteria  within  the  cells  even 
when  we  employed  sections  that  had  been  cut  in  parafiin.  So  opposed 
to  all  our  previous  results  and  conclusions  did  this  appear  that  for  a 
time  we  were  on  the  point  of  relinquishing  this  commmiication.  It 
is  possible  that  either  the  earbol-thionin  used  by  us  for  the  experiments 
was  defective,  or  our  technique  modified  in  some  slight  degree,  for  at 
the  best  the  earbol-thionin  method  does  at  times  show  itself  wanting. 
But  our  failure  was  so  constant  that  we  hardly  believed  that  this  ex- 
planation would  sufifice. 

Xow  we  have  attempted  to  stain  other  sections  from  the  same  blocks 
by  other  methods  and  we  eventually  found  that  staining  for  half  an 
hour  with  Lofflers  methylene-blue,  washing  with  tepid  water,  and 
then  passing  through  absolute  alcohol  and  xylol,  we  obtained  sections 
in  which  the  tissue  is  relatively  faintly  stained  and  in  which  we  were 
able  to  detect  within  the  cells  peculiar  small  diplococci  having  the 
faintest  brown  tinge.  These  were  obtained  from  the  livers  of  animals 
which  had  been  inoculated  two  and  four  houi's  before  death.  Our  fail- 
ure to  recognize  these  bodies  is  in  fact  due  to  their  minute  size  and 
their  very  faint  stain.  AVe  have  examined  control  livers  also  from 
young  animals  by  the  same  methods  with,  negative  results. 

It  would  seem  clear  to  us  that  the  rate  at  which  the  colon  bacilli 
are  taken  up  and  destroyed  in  the  liver  varies  to  some  extent  in  differ- 
ent animals,  according  to  the  condition  of  the  tissues  and  the  vinilence 
of  the  microbe.     It  is  to  be  noted  that  the  culture  employed  in  this 
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latter  series  was  from  tlie  same  stock  as  that  employed  previously — a 
stock  wliicli  had  been  gTown  outside  the  body  for  now  an  additional 
six  months.  And  here  we  may  notice  that  the  diplococci  staining 
most  deeply  and  also  those  having  the  deepest  brown  tinge  were  in  the 
livci*s  of  rabbits  dying  from  3  to  4  weeks  after  inoculation  as  again 
in  certain  of  our  control  animals.  Our  experimental  animals  which 
had  been  kept  alive  at  the  most  for  S-i  hours  have  yielded  us  only 
diplococcus  fonns  showing  but  a  delicate  brown  staining  within  the 
cells." 

AVhile  we  were  in  doubt  with  regard  to  this  second  series  of  livers, 
it  seemed  to  us  well  to  study  another  excretory  organ  not  in  connection 
with  the  portal  circulation.  Examining  the  kidneys  of  several  control 
ral)bits,  we  have  in  no  case  been  able  to  find  the  diplococcus  forms 
present  within  the  organ  in  the  great  numbers  in  which  we  have  come 
across  them  in  the  livers  of  the  same  animals.  We  have  met  Avith 
occasional  diplococci  within  the  cells  of  the  convoluted  tubules,  but 
these  have  been  rare.  We  have  found  that  the  examination  of  the 
kidneys  for  these  modified  colon  bacilli  has  been  a  matter  of  consid- 
erable difiiculty.  Undoubtedly  they  are  taken  up  by  the  cells  of  the 
convoluted  tubules.  Of  this  we  have  abundant  evidence,  and  occa- 
sionally we  have  come  across  well-staining  diplococcus-like  forms  in 
the  outer  portion  of  the  kidney  cells,  but  the  diplococcus  foinus  appear 
to  be  destroyed  with  gTcat  rapidity  and  in  the  process  of  destruction 
do  not  assume  the  brownish  tinge  already  referred  to  in  connection 
with  the  liver;  thus  it  has  been  a  matter  of  extreme  difficulty  to  trace 
them.  We  have,  however,  seen  them  in  great  numbers  in  the  cells  of 
th?  convoluted  tubules  of  the  rabbit  2  hours  after  inoculation  and 
again  at  24  hours,  in  this  latter  the  number  being  gTeater.  Here 
also  in  the  cells  of  the  tubules  in  very  thin  sections  we  have  come 
across  numerous  minute  vacuoles  of  an  elongated  oval  shape  often 
slightly  dented  in  the  middle,  and  within  these  we  have  at  times  been 
able  to  distinguish  two  very  minute  dots,  evidently  the  very  final  indi- 
cation of  the  disappearing  and  destroyed  bacillus  (vide  Fig.  11,  Plate 
XVIII).  Independently,  Dr.  A.  G.  Xicholls  (7)  has  studied  the 
kidneys  of  the  animals  inoculated  by  us  and  has  met  with  these  diplo- 
coccus forms,  fullv  confirmino-  what  we  have  stated. 
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CONCLUSIONS. PAUT  II. 

Our  ol)!?c'rv:itionj;,  tlicrcfuiv,  upon  the  ral»l)it  wuiiM  li'iul  lis  tu  iIk- 
following  conclusions: 

1.  That  the  colon  bacillus  injected  into  the  circulation  is  rapidly 
taken  up  both  bv  the  liver  and  the  kidney. 

2.  That  within  15  minutes  after  inoculation  some  bacilli  are  already 
iiiiicsted  by  the  endothelial  cells  in  the  liver,  this  process  of  ingestion 
continuing  until  some  of  these  cells  are  full  of  bacilli. 

3.  That  in  this  process  of  ingestion  the  bacilli  are  broken  up  into 
shorter  lengths  and  that  these  short  stumpy  bacillary  forms  may  al- 
ready within  the  endothelial  cells  present  themselves  as  two  deeply- 
staining  dots  and  may  thus  resemble  diplococci. 

4.  That  already  in  two  hours  the  modified  bacilli  may  be  discharged 
outwardly  from  the  endothelial  cells  and  be  taken  up  by  the  underly- 
ing liver  cells. 

5.  The  exact  stages  of  this  discharge  we  have  been  unable  to  fol- 
low. In  the  liver  cells  the  modified  bacilli  are  to  be  recogTiized  as 
small  diplococci  of  a  size  varying  from  that  equal  to  the  diplococci 
seen  in  the  endothelial  cells,  down  to  points  of  extreme  tenuity; — 
evidently  these  forms  are  undergoing  destruction.  In  the  first  place, 
they  lose  their  power  of  staining;  in  the  second,  if  the  destruction  is 
not  too  rapid,  they  assume  a  brownish  tinge.  The  causation  of  this 
brownish  tinge  we  have  not  yet  detennined,  but  it  is  to  be  made  out 
in  the  unstained  sections,  and  our  studies  upon  the  human  liver  indi- 
cate to  us  that  not  a  little  of  the  fine  pigmentation  common  in  liver 
cells  is  brought  about  by  the  existence  in  these  cells  of  these  minute 
elements  of  bacterial  destruction. 

During  this  process  of  destruction  the  modified  bacilli  lie  in  diges- 
tive vacuoles  and  the  frequent  appearance  of  the  halo  around  these 
forms  is  in  great  part  due  to  the  existence  of  the  vacuole.  We  have 
occasionally  been  able  to  make  out  what  appear  to  be  these  vacuoles 
in  the  liver  cells  without  the  evidence  of  the  contained  microbe, 
that  having  been  apparently  entirely  digested.  We  have  seen  the 
same  appearance  also  in  peritoneal  leucocytes  nine  hours  after  intra- 
peritoneal inoculation  with  modified  colon  bacilli  (vide  Fig.  10,  Plate 
XYIII). 
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6.  Ill  the  kidiicv  the  same  process  is  at  work — we  have  recognized 
the  diplococciis  form  within  the  cells  at  the  expiration  of  two  hours 
after  inoculation  and  have  also  seen  the  vacnoles  within  the  cells  and 
convoluted  tubules  and  there  have  occasionally  met  with  the  two  dots 
just  %-isible  as  final  indications  of  the  process  of  digestion  of  the 
bacillus. 

We  sincerely  hope  that  others  will  repeat  and  confirm  these  obser- 
vatio-ns,  though  to  those  repeating  them,  we  would  point  out  that  it 
is  absolutely  essential  to  employ  higher  powers  than  those  ordinarily 
used  for  bacteriological  investigations,  while  the  finest  sections  are 
requisite  to  give  clear  results.  Very  careful  technique  in  the  matter 
of  intensive  staining  and  decolorizing  of  the  tissues  is  also  an  essential. 
Unless  these  points  are  attended  to,  our  frequent  difiiculties  in  forging 
the  chain  of  evidence  here  brought  forward,  will  certainly  present 
themselves  and,  without  gTcat  patience,  we  cannot  expect  others  forth- 
with to  corroborate  our  results.  We  are  prepared,  that  is,  to  find 
these  results  called  in  question.  But  after  many  months'  and,  on  the 
part  of  one  of  us,  many  years'  puzzling  over  these  peculiar  pigmented 
bodies  seen  more  especially  in  the  liver,  we  do  not  see  what  other  con- 
clusion to  reach.  Here  we  may  say  that  we  are  prepared  to  find  bac- 
teria other  than  the  colon  bacilli,  when  taken  up  by  the  cells  of  the 
liver  and  kidney,  assume  very  similar  fonns.  Indeed,  we  already  have 
evidence  of  this  in  connection  with  the  typhoid  bacillus. 

If  the  above  conclusions  are  coiTect,  it  is  clear,  judging  from 
what  we  have  said  concerning  the  appearances  seen  in  many  normal 
livers  of  rabbits — and  seen  also,  we  may  add,  in  the  human  liver — 
that  the  liver  as  an  organ  possesses  the  most  important  function  of 
taking  up  and  destroying  bacteria,  more  especially  the  colon  bacillus, 
which  have  gained  admission  through  the  portal  blood,  while  the  kid- 
ney possesses  a  like  power  of  destroying  rapidly  bacteria  circulating  in 
the  general  systemic  blood. 

As  our  paper  is  more  especially  upon  this  diplococcoid  form  of  the 
colon  bacillus  and  its  modifications  within  the  body,  we  vnll  not  here 
dwell  upon  this  subject,  especially  as  one  of  us  has  already  called  at- 
tention to  this  conclusion  elsewhere  (1). 
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W'v  ]iur|)Of>c',  if  possihli',  iiiakiiiii'  ;i  sci'io  ut"  (jlift-rxatioiis  upon  tliosc 
cniulitions  Avhicli  lead  to  tlic  takiuii  iij)  of  bactena  from  the  intx^stiiics 
and  tlu'ir  coiiiso  tln'onuli  the  IiIimkI  and  a,i:ain  tlimuiih  the  lvni]>liatic 
system. 

Finally,  a  few  words  regarding  the  structure  of  the  nAon  bacillus  to 
be  deduced  from  the  above  observations.  It  is  difficult  to  an-ive  at 
any  other  conclusion  than  that  the  type  of  this  organism  is  a  stumpy 
bacterium  with  rounded  ends.  This  bacillus  consists  of  at  least  tw(j 
parts,  one  which  takes  deeply  the  stain,  the  other  relatively  non-stain- 
ing. Under  ordinaiy  conditions  of  free  and  rapid  growth,  these  are 
not  to  be  distinguished  from  each  other — under  other  conditions,  more 
especially  those  of  difficult  growth,  the  chromatin  or  staining  por- 
tion tends  to  be  aggregated  along  the  axis  of  the  bacillus,  most  char- 
acteristically in  the  stumpy  bacillary  form  as  two  rounded  bodies — 
and  thus  the  appearance  is  given  of  a  diplococcus,  a  capsulated  diplo- 
coccus,  the  apparent  capsule  being  the  non-staining  body  substance. 

Where  the  bacillus  is  of  the  large  or  filamentous  type,  our  observa- 
tions would  seem  to  show  us  that  the  filament  is  capable  of  being 
broken  up  with  a  certain  amount  of  ease,  e.  g.  in  the  endothelial  cells, 
into  its  component  stumpy  or  bacterial  forms;  each  of  these  being 
either  a  single  oval  deeply-staining  body,  or,  as  above-mentioned,  two 
rounded  staining  bodies,  so  that  it  assumes  the  diplococcus  form.  The 
size  of  these  chromatin  bodies  varies  as  would  be  the  case  were  the 
chromatin  capable  of  vaiying  degrees  of  concentration. 

Judging  from  what  is  observed  \dthin  the  hepatic  and  renal  cells, 
these  chromatin  bodies  consist  at  least  of  a  basal  material  or  frame- 
work and  a  chromatin;  for  the  power  of  staining  (with  aniline  dyes) 
may  completely  disappear  and  nevertheless  a  substance  is  left  behind 
still  capable  of  recog-nition  as  a  minute  diplococcus,  unstained  by  or- 
dinary reagents  but  within  the  liver  cell  capable  of  taking  up  a  brown- 
ish pigment.  From  the  appearance  within  the  body  cells  this  central 
substance  is  obviously  more  resistant  than  the  remainder  of  the  Ijacil- 
lus.  It  is  the  last  part  of  the  bacillus  to  be  destroyed — indeed,  these 
diplococcus-like  shadows  of  bacilli  may  accumulate  within  the  liver 
cells  more  especially,  and  the  mesenteric  and  retroperitoneal  glands. 
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"We  will  not  here  discuss  the  recent  work  upon  the  existence  of  nu- 
clei or  of  nnclear  material  in  the  schizomycetes.  It  is,  however,  im- 
possible not  to  be  stiiick  by  the  analogy  in  structure  between  the 
colon  bacillus  as  here  described  and  nucleated  cells  in  which  nuclear 
division  precedes  cell  division.  For  we  have  the  fonns  shown  in  the 
accompanying  figure. 


Z. 


S. 


i 


To  show  relationships  of  bacteria,  ovoids  and  diplococcoids. 

1. — Variations  in  stumpy  bacterial  form. 

2. —  "  "         form  with  polar  stainintr. 

3. — .  "  tihimentous  form. 

This  paper  being  already  longer  than  we  had  intended  to  present  we 
have  omitted  any  consideration  or  criticism  of  the  observations  by 
Gartner  (8),  Klein  (9),  Thiercelin  (10)  and  many  others,  which  show  a 
recognition  or  failure  of  recognition  of  the  existence  of  this  diplo- 
coccoid form  of  the  colon  bacillus,  and  very  frequently  a  tendency  to 
mistake  the  diplococcoid  and  encapsulated  form  of  the  colon  bacillus 
for  an  entirely  different  species.  This  subject  will  be  discussed  at 
greater  length  by  one  of  us  (M.  E.  A.)  in  a  separate  article. 
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DESCRITTIOX  OF  PLATES  XVIII-XX. 
Plate  XVIII. 

The  liyures  of  b;u"teria  have  all  been  drawn  (b^-  J.  G.  A.)  under  the  same 
magnifieation,  i.  c.  Reiehert  yj  in.  iinniersion,  ocular  4,  by  means  of  a  Z.  iss 
camera  lucida,  latest  pattern.  All  were  subjected  to  the  same  process  of 
staining:  Ziehl-Xeelsen  carbol-fuclisin  diluted  with  50  per  cent,  of  water. 
Thej-  were  relatively  deeply'  stained  and  then  decolorized  in  water  contain- 
ing a  minute  proportion  of  acetic  acid — about  one  drop  of  glacial  acetic 
acid  to  the  ounce  of  water.  The  drawings  of  sections  were  made  under  the 
same  conditions,  with  the  exception  of  Fig.  11,  which  is  a  tracing  from  a 
photograi^h. 

Fig.  1.  Growth  originating  from  bile  of  guinea-pig  which  died  24  days 
after  intraperitoneal  inoculation  with  10  ccm.  of  ascitic  fluid  from  case  of 
hepatic  cirrhosis;  48  hours'  growth  in  alkaline  peptone  broth  inoculated 
from  48  hours'  culture  upon  agar-agar,  which  in  its  turn  had  been  seeded 
from  a  pipette  of  the  guinea-pig's  bile  removed  a  few  minutes  after  death 
and  kept  for  18  hours  at  37°. 

Fig.  2.  From  film  made  from  the  ascitic  fluid  of  the  above  of  hepatic 
cirrhosis  left  in  sterilized  flask  at  37°  for  17  days. 

Fig.  3.  From  first  broth  culture,  48  hours  old,  made  from  the  above 
ascitic  fluid;  note  minute  ovoids  as  well  as  diplococci. 

Fig.  4.  From  48-hour  culture  upon  Loffler's  blood-serum  made  direct 
from  the  above  ascitic  fluid;  forms  a  shade  larger  than  those  from  broth, 
with  slight  tendency  to  be  arranged  in  short  chains. 

Fig.  5.  The  same  microorganism  after  repeated  transfer  upon  agar-agar 
during  6  months;  individuals  much  larger,  although  still  relatively  small, 
with  short  bacillarj-,  diplobacillary,  and  diplococcoid  forms. 

Fig.  6.  The  same  after  transfer  through  three  guinea-pigs,  followed  by 
three  successive  transfers  through  2.5  per  cent  lactose  broth;  bacillus  now 
is  morphologically  indistinguishable  from  the  forms  seen  in  Fig.  1  and 
(save  in  absence  of  flagella)  from  the  ordinary  colon  bacillus. 

Fig.  7.  Microbe  isolated  from  peritoneal  exudate  in  case  of  peritonitis 
M'ith  perihepatitis  after  parallel  passage  through  three  guinea-pigs  and 
transfer  through  lactose  broth.  The  microbe,  upon  first  isolation,  was  a 
minute  diploooccus.  It  Avill  be  seen  to  be  indistinguishable  from  that  shown 
in  Fig.  6;  culturally',  it  was  identical. 

Fig.  8.  To  show  arrangement  of  diplococcoids  and  ovoids  in  filamentous 
form  of  a  colon  bacillus  isolated  from  the  spleen  in  a   case  of  progressive 
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hepatic  cirrhosis.  From  a  colony  in  an  agar  plate  kept  5  dajs  under  iin- 
favorable  conditions  (vide  British  Medical  Journal,  October  22,  1898). 

Fii>-.  9.  From  film  made  from  the  bile  of  a  rabbit  killed  7  hours  after 
intravenous  inoculation  with  the  colon  bacillus;  the  bile  was  kept  14  days 
in  pipette  before  examination.  Note  variety  of  forms:  rare  short  bacilli 
and  diplobaeilli  with  slight  capsule,  diplococci  with  well-marked  cajjsules, 
minute  diplococci  ('?  destroyed)  devoid  of  capsule. 

Fig.  10.  Cells  from  peritoneal  fluid  of  guinea-pig  killed  7  hours  after 
intraperitoneal  inoculation  with  a  4S-hour  broth  culture  of  form  shown  in 
Fig.  5,  i.  e.  from  agar  cultures  derived  from  the  ascitic  fluid  from  a  case 
of  cirrhosis.  Stained  with  carbol-thionin,  Eeichert  yV  in.  immersion,  ocular 
4.  drawn  under  a  Zeiss  camera  lucida.  a.  Deeply-stained  bacterial  and 
diplococcoid  forms,  h.  Attenuated  diplococcoids  in  large  vacuoles,  c.  Still 
further  attenuated  diplococcoids.     d.  Vacuoles  void  of  contents. 

Fig.  11.  From  section  of  convoluted  tubules  of  kidney'  of  young  rabbit 
killed  two  houi"s  after  intravenous  inoculation  with  pure  culture  of  Bacillus 
coli.  Tracing  from  photograph  under  Zeiss  J_  in.  immersion,  compared 
with  original  section  (the  photograph  not  being  perfect),  a.  Deeply-stain- 
ing diplococcoid  form  just  within  cell  of  tubule.  6.  Attenuated  diplococcoid 
form  in  vacuole,     c.  Empt.y  vacuoles  of  oval  shape. 

Fig.  12.  To  compare  with  Fig.  1.  From  film  of  bile  from  guinea-pig  kept 
in  pipette  and  j)laced  in  incubator  at  o7°  for  eighteen  hours.  A  drop  of 
this  same  bile  jiassed  through  broth  and  agar  gave  the  form  shown  in 
Fig.  1.     Note  presence  of  ovoids.  diplococcoids,  and  diplococci. 

Plate  XIX. 

Fig.  13.  Section  of  liver  of  rabbit  killed  15  minutes  after  intravenous 
inoculation  with  0.5  cc.  of  48-hour  broth  culture  of  B.  coli;  carbolic  thionin; 
Zeiss  camera  lucida;    y^th  oil  immersion. 

a.  Marked  swelling  and  enlargement  of  endothelial  cell  with  ingestion  of 
bacilli,  which  have  become  short  and  stumpj'. 

b.  Free  bacilli,  remaining  long. 

c.  Leucocytes  containing  bacilli. 

Fig.  14.  Section  of  liver  of  rabbit  killed  15  minutes  after  intravenous 
inoculation  with  0.5  cc.  of  4S-hour  culture  of  B.  coli:  carbolic  thionin: 
Zeiss  camera  lucida;  y^th  oil  immersion  lens. 

<i.  Bacillus  free  in  capillary. 

b.  Endothelial  cell,  much  swollen  and  containing  several  bacilli,  both 
stumpj^  and  tending  to  assume  diplococcoid  form. 

Plate  XX. 

Fig.  15.  Section  of  liver  of  rabbit  killed  4  hours  after  intravenous  inocu- 
lation with  0.5  cc.  of  4S-hour  culture  of  B.  coli;  carbolic  thionin:  Zeiss 
camera  lucida;  y'sth  immersion  lens. 

Abundant,  very  minute  diplococcoid  forms  in  liver  cells,  part  of  which 
only  are  shown. 
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THE  RELATION  OF  DEXTROSE  TO  THE  PRODUCTION  OF 

TOXIN  IN  BOUILLON  CULTURES  OF  THE 

DIPHTHERIA  BACILLI'S. 

By  THEOBALD  SMITH,  M.  D. 
{From  the  Patholoyical  Laboratory  of  the  Massachusetts  State  Board  of  Health.) 

The  publication  of  certain  investigations  by  Spronck  and  van  Furen- 
hout  *  in  1895  concerning  the  inhibitory  action  of  muscle  sugar  upon 
the  production  or  accumulation  of  toxin  in  peptone  bouillon  cultures 
of  the  diphtheiia  bacillus  was  the  starting  point  of  a  series  of  investi- 
gations into  this  practically  veiy  important  subject.  Before  the  publi- 
cation of  this  paper  I  had  pui'sued  a  similar  line  of  observations.  The 
method  employed  was  to  test  the  amount  of  muscle  sugar  present  in 
beef  bouillon  in  the  fermentation  tube  and  compare  it  with  the  relative 
toxin  production.  It  was  found  that  the  least  amount  of  sugar  was 
associated  with  the  largest  accumulation  of  toxin.  Owing  to  the 
scarcity  of  beef  containing  but  traces  of  sugar  the  work  progressed 
slowly  and  did  not  appear  until  1896. f  In  the  meantime  Park  and 
Williams  X  had  found  that  so  far  as  the  beef  used  by  them  was  con- 
cerned, the  inhibitory  action  of  the  muscle  sugar  could  be  neutralized 
by  making  the  bouillon  sufficiently  alkaline.  Cobbett  §  in  a  later 
paper  confirms  the  relations  between  muscle  sugar  and  toxin  produc- 
tion. Blumenthal||  reports  upon  the  use  of  large  quantities  of  sugar 
(gTape  and  milk  sugar)  in  cultures  of  the  diphtheria  bacillus.  His 
results  are  wholly  unintelligible  to  me.  Among  other  things  he-  states 
that  lactose  is  acted  upon  by  diphtheria  bacilli,  whereas  I  find  that  the 
addition  of  lactose  does  not  influence  the  culture  whatever.     He  also 

*Annal.  de  Vliist.  Pasteur,  1S95,  ix,  p.  758. 
t  Trans.  Assoc.  American  Phi/siciaiis,  1896,  xi,  p.  37. 
t  Journal  of  Experimental  Medicine,  1S96,  i,  p.  164. 
§  An7ial.  de  ri7ist.  Pasteur,  1897,  xi,  p.  251. 
l]  Deutsche  med.  Wochen^ehr.,  1897,  p.  382. 
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states  that  sugar  bouillon  inoculated  with  diphtheria  bacilli  becomes 
"  yery  frequently  "  acid.  This  depends  upon  the  bouillon,  whether 
free  from  muscle  sugar  or  not,  and  the  kinds  of  sugar  added.  The 
chemical  changes  under  like  conditions  are  absolutely  constant. 
Blumenthal  goes  so  far  as  to  vindicate  a  therapeutic  action  for  sugar 
because  of  its  supposed  inhibitory  action  on  toxin  production,  a  yery 
premature  inference,  as  this  paper  will  show. 

Madsen  *  in  an  otherwise  interesting  paper  presents  nothing  new 
concerning  the  factors  favoring  or  opposing  toxin  production. 

More  recently  Martin  and  Spronck  have  published  methods  by 
which  they  claim  to  have  produced  unusually  toxic  culture  fluids. 
Martin  f  prepares  his  peptones  by  the  self -digestion  of  the  stomachs  of 
swine.  The  resulting  fluid  is  added  to  an  equal  quantity  of  fermented 
bouillon.  The  mixture  is  heated  to  70°  C.  and  then  passed  through 
a  Pasteur  filter.  If  Martin's  method  should  prove  to  yield  all  that 
is  claimed  for  it,  it  would  be  superior  to  any  now  in  use.  A  recent 
careful  trial  has  convinced  me  that  it  is  liable  to  fail  in  producing  the 
iooked-for  result.  I  obtained  from  bouillon  prepared  in  this  way  a 
filtrate  having  from  i  to  -^  the  toxic  power  of  the  filtrate  obtained  ac- 
cording to  the  method  given  below.  The  fermentation  tube  revealed 
the  presence  of  a  considerable  amount  of  sugar.  "Whether  this  was 
the  cause  of  the  failure  I  am  not  prepared  to  state.  That  the  method 
may  under  certain  circumstances  accomplish  all  that  is  claimed  for  it 
I  will  not  gainsay,  but  it  does  not  appear  to  act  uniformly  and  the 
results  cannot  be  predicted  as  with  the  method  to  be  described. 
Spronck's :{:  new  method  utilizes,  in  place  of  beef  juice,  the  boiled  and 
filtered  extract  of  the  yeast  of  commerce  to  which  he  adds  salt  and  2 
per  cent  peptone.  This  fluid  yields  a  toxin  20  times  stronger  than 
does  the  bouillon  from  decomposed  beef,  the  minimum  fatal  dose  for 
a  500-gramme  guinea-pig  being  now  .005  cc. 

The  process  which  I  wish  to  describe  is  a  slow  evolution  of  the  past 
three  years.  Owing  to  the  necessity  of  keeping  on  hand  large  quanti- 
ties of  diphtheria  toxin  for  practical  purposes,  the  investigations  could 

*  Zeitschr.  f.  Hygiene  u.  InfectionskraukJieitcu,  1S9~,  xxvi,  p.  157. 
t  Annal.  de  Vliist.  Pasteur,  1898,  xii,  p.  26. 
t  Atuiales  de  Vlnat.  Pasteur,  1898,  xii,  p.  TOO. 
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not  be  pushed  rai)idly  and  1  contuntcd  myself  with  gradually  intro- 
ducing modifications  and  carefully  noting  results.  The  process  can- 
not be  considered  essentially  new  excepting  in  so  far  as  the  minor  de- 
tails here  added  are  absolutely  necessary  to  its  success.  In  the  course 
of  the  work  it  was  found,  contrary  to  all  the  views  hitherto  expressed, 
that  dextrose  is  not  in  itself  inimical  to  toxin  production,  that  a  cer- 
tain quantity  is  in  fact  essential  to  an  abundant  accumulation  of 
toxin.  It  was  found  that  the  muscle  sugar  naturally  present  in  beef 
and  the  ordinary  chemically  pure  dextrose,  added  after  the  foraier 
had  been  removed  by  fermentation,  act  in  a  quite  different  manner 
and  that  we  must  assume  either  that  the  muscle  sugar  undergoes  a 
decomposition  under  the  influence  of  the  diphtheria  bacillus  different 
from  that  which  ordinary  dextrose  undergoes,  or  else  that  there  are 
other  still  unknown  inhibitory  substances  in  the  beef  which  are  re- 
moved with  the  muscle  sugar  during  the  preliminary  fermentation. 
Leaving  a  discussion  of  the  experiments  which  demonstrated  this  pecu- 
liar behavior  of  unfermented  bouillon  aside  for  the  present  I  will  give 
a  description  of  the  process  as  at  present  in  use. 

PREPARATION   OF  PEPTONE  BOUILLON   FOR  TOXIN  PRODUCTION. 

It  should  be  stated  at  the  outset  that  now  and  then  bouillon  contain- 
ing a  little  muscle  sugar  will  yield  a  toxin  as  strong  as  bouillon  spe- 
cially prepared.  This  outcome  cannot  be  predicted  however.  Fol- 
lowing the  suggestions  of  Park  and  Williams  that  the  difficulty  can 
be  overcome  by  the  increased  alkalinity  of  the  bouillon  I  have  re- 
turned again  and  again  to  unfennented  bouillon  without  obtaining  so 
good  results  as  with  the  new  method.  Until  the  beef  used  in  differ- 
ent localities  has  been  compared,  these  discrepancies  cannot  be  ex- 
plained satisfactorily. 

1.  The  beef  infusion  is  prepared  in  the  usual  way  and  kept  in  the  cold 
for  12  to  2-i  hours.  The  beef  juice  is  then  expressed,  and  its  reaction, 
which  will  in  general  be  found  to  vary  from  3  to  4  per  cent  acidity,* 
must  be  reduced  to  1.5  to  2  per  cent  by  the  addition  of  normal  sodium 
carbonate  solution.     The  fluid  is  then  heated  to  40°  C,  inoculated  with 

*  See  below  for  a  definition  of  these  terms. 
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30-50  cc.  of  a  12-  to  24-liour  bouillon  culture  of  B.  coll  and  placed  in 
the  incubator  for  16  hours  or  over  night.  Next  morning  the  acidity  will 
have  risen  again  to  3-3.5  per  cent  and  a  scum  may  have  formed  on  the 
surface.  The  odor  varies  and  may  be  distinctly  sour  or  slightly  putre- 
factive. 

2.  The  fermented  infusion  is  next  mixed  with  the  white  of  Qgg  in  the 
proportion  of  one  egg  to  a  litre  of  infusion,  and  boiled  in  a  water-bath 
or  an  Arnold  sterilizer  for  45  to  60  minutes. 

3.  The  boiled  infusion,  previously  cooled  off  to  favor  any  precipitation, 
is  filtered  and  then  receives  2  per  cent  Witte  peptone,  0.5  per  cent  com- 
mon salt,  and  after  these  have  been  dissolved  by  gentle  heat,  enough 
normal  sodium  carbonate  solution  to  bring  the  acidity  down  to  about 
0.8  per  cent.  The  fluid  is  l)oiled  or  steamed  again  for  20  or  30  minutes 
and  then  filtered.  The  reaction  may  become  slightly  more  acid  than 
the  calculation  allows  but  no  further  addition  of  alkali  is  necessary. 

4.  The  filtered  fluid  is  distributed  into  Fernbach  flasks  in  shallow  lay- 
ers 2.5  ctm.  deep  and  autoclaved  (at  110°  to  115°  C.  for  about  30  min- 
utes).* Each  flask  should  have  2  or  3  cotton-plugged  openings  to  facili- 
tate ventilation. 

5.  Before  inoculation  with  the  diphtheria  bacillus  5  cc.  of  a  sterile 
20  per  cent  solution  of  dextrose  or  about  0.1  per  cent  (autoclaved  and 
kept  on  hand  in  small  tubes)  is  added  per  litre.f 

6.  The  culture  employed  should  form  membranes  promptly  and  leave 
the  fluid  clear.  This  property  can  be  induced  in  freshly  isolated  cul- 
tures by  5  to  10  transfers  in  bouillon  of  the  kind  here  described.  These 
can  be  made  in  large  test  tubes  kept  in  an  inclined  position  to  increase 
the  surface  area. 

7.  The  culture  fluid  becomes  distinctly  alkaline  to  phenolphthalein 
in  from  6  to  8  days  and  may  then  be  regarded  at  its  maximum  toxicity. 

Before  proceeding  to  a  discussion  of  the  more  essential  points — the 
relation  of  dextrose  and  peptone  to  the  accumulation  of  toxin — a  brief 
explanation  of  the  minor  details  of  this  method  will  be  in  order. 

*  The  necessity  for  autoclave  sterilization  was  pointed  out  by  me  in 
Journal  of  Experimental  Medicine,  189S,  iii,  p.  647. 

t  Several  trials  have  shown  that  the  efficiencj'  of  the  bouillon  is  not 
impaired  by  adding  the  dextrose  before  the  final  autoclaving.  This  would 
materially  simplify  the  work  and  reduce  the  chances  of  contamination.  The 
amount  of  sugar  has  been  increased  by  me  to  .15  and  even  to  .2  per  cent 
without  interfering  with  rapid  alkali  production.  In  some  instances 
the  toxin  was  markedly  increased,  in  no  instance  reduced  in  amount.  For 
different  bacilli  the  most  favorable  quantity  should  be  determined  by  trials. 
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Tlio  ]iroccss  of  ])roj>;ning  dextrose-free  bouillon  was  first  described  by 
lue  in  1897.*  Subsequently  Martinf  used  the  same  process  but  sub- 
stituted yeast,  or  left  the  fermentation  to  be  accomplished  by  the  miscel- 
laneous bacteria  already  in  the  infusion. |  The  first  method  suggested 
by  Spronck  I  found  inadequate.  The  bouillon  prepared  from  the 
old  beef  frequently  contained  large  (juantities  of  fermentable  substance 
and  was  never  entirely  free  from  it.  The  process  here  suggested  jtro- 
duees  a  bouillon  which  permits  no  growth  whatever  in  the  closed  branch 
of  the  fermentation  tube*.  It  is  in  fact  almost  wholly  free  from  reducing 
substances.  While  the  ordinary  bouillon,  even  when  gas  is  not  produced 
in  it.  still  contains  enough  reducible  substances  to  decolorize  methylene- 
blue  in  the  fermentation  tube  over  night,  the  bouillon  thus  prepared 
does  so  only  after  3  or  4  days  in  the  incubator.^  In  order  to  obtain  this 
result,  however,  it  is  necessary  to  reduce  the  initial  acidity  of  the  raw 
infusion  as  directed,  otherwise  the  additional  acid  formed  during  the 
fermentation  may  become  inhibitory.  It  is  also  necessary  to  warm  the 
infusion  if  large  quantities  are  prepared,  otherwise  3  or  4  hours  will  l)e 
lost  and  the  infusion  may  still  contain  acid-forming  substances  next 
morning.  The  fermented  infusion  even  after  prolonged  boiling  forms 
such  a  loose  clot  that  the  filtration  may  become  exceedingly  tedious. 
To  obviate  this,  egg-albumen  should  be  added.  Careful  tests  showed 
that  the  dextrose  added  in  the  egg-albumen  cannot  be  recognized  in  the 
finished  bouillon  and  is  therefore  a  negligible  quantity.  The  other  parts 
of  the  process  need  no  special  explanation.  The  initial  acidity  recom- 
mended has  been  found  the  best  level  from  which  to  start.  The  reason 
for  the  final  addition  of  about  0.1  per  cent  dextrose  will  be  given  farther 
on. 

AVith  this  method  in  use  there  has  been  no  noticeable  fluctuation  in 
the  toxic  strength  of  the  culture  fluid  after  6  to  8  days'  incubation. 
The  end  reactions  are  in  all  cases  absolutely  the  same  excepting-  in 
flasks  accidentally  contaminated.     In  fact  the  production  of  toxin  has 

"  Journal  of  Experimental  Medicine,  1897,  ii,  p.  543,  and  24th  Annual  Eeport 
of  the  State  Board  of  Health  of  Mass.  (a  comparative  studj-  of  the  toxin 
production  of  diphtheria  bacilli)  issued  October,  1S97. 

t  Loc.  cit. 

i  It  might  be  supposed  that  the  fermentation  would  lead  to  the  pro- 
duction of  various  toxins.  Repeated  injection  of  5  cc.  of  the  finished  pro- 
duct into  the  peritoneal  cavity  of  guinea-pigs  had  no  effect  whatever. 

§  Th.  Smith,  Reduktionserscheinungen  bei  Bakterien,  etc.,  Centralbl.  /. 
Bakt.,  1S96,  xix,  p.  ISl. 
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been  brought  to  tlie  level  of  a  chemical  process.  Formerly,  the  pep- 
tone was  frequently  suspected  of  being  at  fault,  but  the  unifonn  re- 
sults now  obtained  indicate  that  this  suspicion  was  unfounded.  The 
culture  employed  in  these  investigations,  with  the  exception  of  certain 
final  tests  to  be  described  farther  on,  is  the  one  used  by  Park  and  Wil- 
liams in  their  investigations  and  denominated  by  them  "  Xo.  8."  The 
efiiciency  of  the  method  is  most  convincingly  shown  by  a  record  of  the 
toxic  strength  of  the  culture  filtrate.  Park  and  Williams  in  their 
article  state  that  .005  cc.  of  their  strongest  toxin  proved  fatal  to  a  500- 
gramme  guinea-pig  in  3  days.  Martin  states  that  the  m.  f.  d.*  for  a 
500-gramme  guinea-pig  of  the  strongest  toxin  he  obtained  with  the 
same  bacillus  was  .002  cc.  In  another  place  he  mentions  the  dose  of 
.005  cc.  for  a  500-gramme  pig.  The  following  consecutive  record  of 
diphtheria  toxins  prepared  according  to  the  procedure  described  shows 
the  unvarying  results  obtainable.  The  test  was  made  in  all  cases  from 
mixtures  of  about  4  litres  each  of  filtered  culture  fluid,  either  imme- 
diately after  filtration  or  some  months  later: 

Lot    1.  .01  cc.       fatal  to  318-gramine  pig  in  28  hours. 
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*  Abbreviation  for  minimum  fatal  dose. 
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In  Lots  1  and  2  the  2  per  cent  peptone  was  added  from  a  sterile  solu- 
tion Just  before  inoculation.  In  lot  13  there  was  still  some  muscle  sugar. 
In  lot  11  the  dextrose  was  added  before  the  final  autoclaving. 

In  estimating  the  absolute  toxicity  of  culture  filtrates  the  relative 
susceptibility  of  the  guinea-pigs  used  must  be  taken  into  consideration. 
Animals  from  some  sources  seem  to  be  much  more  susceptible  to  diph- 
theria toxin  than  those  from  others.  For  several  yeai-s  the  writer  had 
been  experimenting  only  upon  guinea-pigs  reared  under  his  super- 
vision. During  this  time  all  animals  used  exhibited  a  remarkably  uni- 
form susceptibility.  Latterly  guinea-pigs  purchased  from  a  dealer 
had  to  be  used  and  it  was  soon  evident  that  for  them  the  m.  f .  d.  was 
about  ^  to  f  of  that  to  which  the  home-bred  pigs  succumbed.  Similar 
differences  were  noticed  when  toxin-antitoxin  mixtures  in  which  there 
was  a  slight  excess  of  toxin  were  injected.  Many  of  the  animals  used 
by  the  writer  for  breeding  purposes  had  passed  through  a  single  inocu- 
lation with  toxin  or  toxin  plus  antitoxin  at  least  3  or  4  months  pre- 
viously. Recently  Behring  *  states  that  he  uses  such  gaiinea-pigs  in 
the  same  way  but  has  not  noticed  any  increased  resistance  in  the  pro- 
geny. He  states  furthermore  that  Ehrlich  obtained  from  a  breeder 
a  race  of  diphtheria-immune  guinea-pigs  and  that  in  England  these 
animals  present  a  considerable  degTee  of  resistance  to  diphtheria  toxin. 
The  more  susceptible  animals  used  by  the  writer  were  as  a  rule  thin 
and  had  a  thin  skin,  while  those  raised  for  the  laboratory  had  a  thicker 
skin  and  were  in  excellent  condition.  This  possible  variation  in  the 
resistance  to  the  diphtheria  toxin  must  first  be  taken  into  account  be- 
fore we  can  positively  decide  which  method  may  give  the  strongest 

*  Deutsche  ined.  Wochensclir.,  1898,  p.  621. 
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toxin.  However,  with  the  tigures  quoted  above  and  those  to  follow  as 
a  basis  there  seems  little  to  choose  between  ^Martin's  complicated  and 
not  certain  method  and  the  simple  one  I  have  described. 

THE  RELATION  OF  DEXTROSE  TO  THE  REACTION  CURVE  OF  PEPTONE 
BOUILLON  AND  TO  TOXIN  PRODUCTION. 

The  daily  changes  in  the  reaction  of  the  culture  fluid  are  perhaps 
the  best  available  indications  of  the  activity  of  the  bacilli  and  of  the 
toxin  production.  In  order  to  follow  this  change  closely  without  dis- 
turbing the  surface  membrane  which  forms  within  24  hours  the  fol- 
lowing procedure  was  adopted: 

A  large  Fernbach  flask*  (Figure  1,  reduced  to  -J  size)  within  which  a 
litre  of  bouillon  occupies  a  layer  2.5  ctm.  deep,  is  modified  so  as  to  have 
3  cotton-plugged  openings.  Through  one  lateral  opening  a  siphon  (.4) 
passes  which  has  joined  by  means  of  rubber  tubing  to  its  lower  free  end 
a  protected  mouth-piece  according  to  Maassen  (B).  The  other  lateral 
opening  may  have  in  it  a  small  funnel  (C)  through  which  alkalies,  acids 
or  other  fluids  may  be  added  without  disturbing  the  larger  plug  or  break- 
ing the  surface  membrane.  The  three  openings  are  also  very  favorable 
to  free  ventilation.  The  flask  after  inoculation  is  placed  on  a  shelf  in 
the  thermostat  so  that  the  longer  arm  of  the  siphon  may  pass  through  a 
hole  in  the  shelf.  From  day  to  day  or  oftener  if  desired  fluid  may  be 
removed  for  various  tests  without  disturbing  the  flask  or  imperiling  the 
purity  of  the  contents.  Care  should  be  taken  to  reject  the  fluid  in  the 
siphon  as  it  has  been  under  anaerobic  conditions  since  the  former  with- 
drawal of  fluid.  The  samples  thus  obtained  were  titrated  with  phenol- 
phthalein  as  an  indicator  according  to  the  method  suggested  by  Fullerf 
and  the  values  obtained  are  expressed  throughout  this  article  in  per 
cent  of  a  normal  solution  of  acid  or  alkali.  The  sign  minus  ( — )  when- 
ever used  signifies  acid,  the  sign  plus  (-j-)  alkaline  reaction  toward  phe- 
nolphthalein.J 

*  Made  for  the  writer  by  Whitall,  Tattim  &  Co.,  N.  Y. 

t  Procedures  recommended  for  the  study  of  bacteria,  Concord,  Ts.  H., 
1898,  p.  19.     See  also  Journ.  Amer.  Public  Health  Assoc,  1895,  p.  386. 

t  This  use  of  the  signs  is  contrary  to  the  notation  adopted  by  the  com- 
mittee which  edited  the  "  Procedures,"  etc.,  and  of  which  the  writer  was 
a  member.  My  reason  for  the  use  of  -|-  ^o^  alkalinity  is  that  all  aerobic 
bacteria,  both  obligatory  and  facultative,  tend  normally  towards  an  alkaline 
reaction.  The  tendencj'  tow^ards  an  acid  reaction  is  in  a  sense  abnormal 
and,  if  continued,  destroys  the  organisms  producing  it.  This  notation  was 
adopted  after  careful  deliberation  as  being  more  logical. 
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The  presence  or  absence  of  sugar  in  the  (inishc'd  bouillon  was  deter- 
mined with  the  aid  of  the  fermentation  tube  and  J>.  coli.  Tlif  risi-  in 
acidity  of  the  fluid  in  the  closed  branch,  whether  gas  ajipears  or  not,  is 
an  indication  of  the  presence  of  dextrose  or  allied  substances  (excluding 
glycogen).     The  amount  of  acid  produced  is  proportional  to  the  amount 


(       ) 


Fig.  1. 
Fernbach  Flask,  modified  by  the  Avriter.     Figure  reduced  to  %  size. 


of  sugar  present  up  to  a  certain  limit  varying  for  different  bacteria  and 
probably  never  exceeded  by  the  sugar  in  beef  broth.  A  total  absence  of 
sugar  is  indicated  by  an  absence  of  growth  in  the  closed  branch,  B.  coli 
(as  well  as  other  facultative  anaerobes)  becoming  obligatory  aerobes 
when  suo;ar  is  absent. 
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As  stated  in  the  introduction,  it  lias  been  generally  assumed  tliat 
the  amount  of  acid  fomied  by  diphtheria  bacilli  in  presence  of  muscle 
sugar  is  responsible  for  the  feeble  toxin  production.  In  the  course  of 
these  studies  I  was  early  convinced  that  these  bacilli  in  their  multipli- 
cation can  without  trouble  produce  and  neutralize  much  larger  quan- 
tities of  acid  derived  from  dextrose,  artificially  added,  than  are  as  a 
rule  formed  in  unfermented  bouillon.  In  order  to  attempt  an  expla- 
nation of  this  paradox,  it  became  necessary  to  learn  what  strength  of 
acid'  is  injurious  to  the  toxin.  As  a  preliminary  test  dextrose  was 
added  to  a  full-grown  alkaline  culture  to  see  what  effect  the  acids,  pro- 
duced by  the  diphtheria  bacillus  itself,  had  on  its  toxin. 

I.  February  5,  1897.  To  a  10-day  litre  culture  with  reaction  -j-  0.2 
(i.  e.  nearly  as  strong  an  alkaline  reaction  as  such  cultures  can  attain) 
of  which  .01  cc.  is  fatal  to  a  340-gramme  guinea-pig  in  2^  days,  enough 
sterile  dextrose  solution  is  added  to  make  a  one  per  cent  solution. 

February  7.     A  good  membrane  has  formed  in  place  of  the  former 
one  shaken  down  February  5. 
February  10,  reaction — 4.77. 

"  13,  0.03  cc.  produces  no  longer  any  local  effect. 

17,  0.5  cc. 
"  18,  reaction  as  on  February  10,  no  change. 

"  23,  one  cc.  of  this   culture,  which  had  been  filtered  and 

stored  in  the  cold  carefully  neutralized  with  XaHO  has  no  effect  on  a 
guinea-pig. 

II.  February  17,  1897.  To  a  22-day  culture  of  another  diphtheria  ba- 
cillus of  which  the  m.  f.  d.  is  now  0.04  cc.  one  per  cent  dextrose  is  added. 

February  18.  Eenewed  multiplication. 

''  19.  Complete  membrane. 

"  23.  Eeaction.  — 4.55:  0.5  cc.  has  no  effect  on  a  guinea-pig. 

"  27.  Subculture  remains  sterile.* 

These  experiments  show  that  with  the  two  cultures  tested  the  maxi- 
mum acidity  does  not  exceed  4.5  to  5  per  cent.  5  or  6  days  after  the 
beginning  of  renewed  growth  and  acid  formation  the  toxin  present 
at  the  start  is  completely  destroyed.  Later  the  bacilli  themselves  are 
killed. 

*  Cobbett  (1.  c.)  states  that  diphtheria  bacilli  are  not  killed  by  the  acids 
they  produce,  while  colon  and  other  bacilli  are  so  destroyed 
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It  now  beoniiio  lU'cessnry  to  (Ictcnuiiic  the  cHVct  of  (liticrcnt  dc- 
gTces  of  acidity  uitliiii  tlic  iiinxiiimui.  This  cuiiM  Ito  most  expodi- 
tiout^ly  done  by  adding  to  tlio  finished  and  liUci-cd  toxin  certain  acids 
in  kninvn  (jnantitics.  For  this  pnrpose  hictic  acid  and  (dihirhydric  acid 
were  chosen.  Jhe  toxin  eniphiyed  contained  abont  0.2  per  cent  car- 
bolic acid.  The  acidified  toxin  was  kept  in  partly-filled,  cork-stop- 
pered bottles  in  the  tlicrniostat  to  imitate  as  nearly  as  possible  the 
usual  conditions  of  tlie  cnltnre. 

I.  M.  f.  d.  of  toxin  about  0.04  cc.  Lactic  acid  added  to  an  acidity  of 
2  per  cent.     After  1,  6  and  13  days  no  appreciable  loss  in  toxicity. 

II.  M.  f.  d.  of  toxin  0.036  cc.  Lactic  acid  added  to  — 4.4  per  cent. 
After  24  hours  .08  cc.  produced  only  local  necrosis.  After  3  days  0.3  cc. 
no  longer  fatal.     After  6  days  1  cc.  produces  only  transitory  oedema. 

III.  The  same  toxin  (m.  f.  d.  =  .036  cc.)  receives  clilorhydric  acid  to 

—  4.47  per  cent.     After  6  days  1  cc.  produced  severe  necrosis  locally. 

IV.  This  and  the  following  test  were  made  a  year  later.  M.  f.  d.  of 
toxin  .032  cc.     Lactic  acid  was  added  to  produce  reactions  of  —  3.5, 

—  4,  —  4.5  and  —  o  ]3er   cent.     Actual  acidity  found  to  be  —  3.66, 

—  4.15,  —  4.65,  —  5.12  per  cent. 

After  5  days  none  of  the  4  acidified  toxins  produced  any  local  lesion 
in  doses  of  0.064  cc.  After  11  days  0.5  cc.  of  lowest  acid  toxin  ( — 3.66 
per  cent)  had  no  effect. 

Y.  The  same  toxin  brought  to  an  acidity  of  2.8  and  3.2  per  cent  with 
lactic  acid  Avas  tested  after  5  and  9  days.  The  m.  f .  d.  of  the  first  toxin 
after  5  days  was  about  .045  cc.,  after  9  days  0.1  cc.  The  second  toxin 
produced  only  a  slight  local  effect  in  a  dose  of  0.06  cc.  after  5  days. 
After  9  days  1  cc.  still  produced  local  necrosis. 

The  m.  f.  d.  of  the  control  toxin  rose  in  5  days  from  .032  cc.  to  .045  cc; 
in  9  days  to  .06  cc* 

These  tests  though  incomplete  in  many  respects  indicate  that  an 
acid  reaction  of  2.5  to  3  per  cent  destroys  the  toxin  only  very  slowly, 
while  above  3  per  cent  the  destruction  is  more  rapid.     A  reaction  of 

*  The  destruction  of  toxin  in  cultures  provided  with  protecting-  bacillar 
membranes  does  not  proceed  so  rapidly  as  this  iii  the  thermostat.  From 
an   earlier  experiment   the   following   figures   may   be   quoted: 

After    8  days  of  growth  0.02  cc.  fatal  to  a  410  gramme  guinea-pig  in  2    days. 
"       34  '•  0.02      "  *•         435         "  "  3 

"       56  "  0.04      "  "         305         "  "  31/^     " 
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—  3.5  per  cent  or  above  is  quite  rapidly  destructive.     The  maxinunn 
amount  of  acid  produced  by  most  diphtheria  bacilli  (4.5  to  5  per  cent), 
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which  is  destructive  to  both  toxin  and  bacilli,  is  equivalent  to  .164  to 
.182  per  cent  pure  chlorhydric  acid. 

The   quantitative   production   of   acids   in   ordinary,    unfermented 


Theobald  Smith 


3S; 


bduilldii  varicvS  eonsidoral)ly,  Imt  it  rarely  rises  above  3  per  cent  if  the 
initial  acid  reaction  is  fairly  low  (0.8  to  1  per  cent).      It  is  difficidt, 
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therefore,  to  harmonize  the  inhibitory  power  of  these  acids,  if  it  really 
exists,  with  the  figures  quoted  above — that  an  acidity  of  2.5  to  3  per 
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cent  is  only  slowly  destructive.  On  the  other  hand  a  higher  tem- 
porary degree  of  acidity  is  compatible  with  an  abundant  accumulation 
of  toxin  when  the  acids  are  derived  from  dextrose  added.  From 
among  the  many  experiments  made  the  following  are  selected  as  illus- 
trating the  rapid  acid  production  in  presence  of  both  muscle  sugar 
and  dextrose,  the  rapid  alkali  production  in  presence  of  large  quantities 
of  the  latter,  and  the  marked  difference  in  the  final  accumulation  of 
toxin  in  bouillon  containing  muscle  sugar  and  in  that  containing  only 
ordinary  dextrose: 

June  27,  1897.  1200  cc.  of  peptone  bouillon  containing  still  a  very 
small  quantity  of  muscle  sugar  (about  .02  per  cent)  receives  18  cc.  of  a 
sterile  20  per  cent  solution  of  dextrose,  or  about  0.3  per  cent. 

June  28.     Initial  acidity  1  per  cent.     Inoculated  with  diphtheria  ba- 
cilli. 
"       29.     8.30  A.  M.     Membrane  present;  acidity  2.23;  10  cc.  normal 
NaHO  added. 

Acidity  2.16;  10  cc.  NaHO  again  added. 
Acidity  3.23;  10  cc.  NaHO  again  added. 
Acidity  2.22. 
July         1.     9  A.  M.  "       2.16. 

"       1.62. 

"       1.46. 

"       0.38. 

"       0.00. 

Alkalinity  0.3.     Culture  pure;  O.Ol  cc.  fatal  to  a 

300-granime  guinea-pig  in  36  hours. 

"  14.     0.04  cc.  fatal  to  a  313-gramme  guinea-pig  in  36  hours.* 

At  this  time  the  best  toxin  obtained  from  this  bacillus,  i.  e.  before 
the  present  method  had  been  perfected  was  about  .015  cc.  for  the 
m.  f.  d.  for  a  300-gramme  guinea-pig.  The  above  inoculations  indi- 
cate a  m.  f.  d.  of  .02  cc.  The  cuiwe  of  this  culture  is  platted  as  Curve 
1,  Fig.  2,  in  which  the  dotted  line  indicates  the  reduction  in  acidity 

*  In  this  experiment  the  alkali  was  added  to  prevent  the  acidity  from 
ascending  to  the  inhibitory  and  destructive  limit.  The  experiment  was 
primarily  conceived  to  determine  whether  the  bacterial  metabolism  in  the 
presence  of  large  quantities  of  dextrose  would  be  inimical  to  toxin  pro- 
duction. 
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broiiiilit  about  by  \]w  ndiUd  alkali.  The  iiutst  favorable  condition 
eiicouutt'rrd  with  (•rdinavv  nnfcrniented  bouillon  is  shown  by  ( 'urve 
2,  Fig.  2.  The  amount  of  muscle  sugar  was  al)Out  0.15  per  cent.  The 
reaction  returned  quite  promptly  to  the  neutral  point  and  the  toxicity 
of  the  bouillon  was  about  .02  cc.  But  this  course  is  not  to  be  antici- 
pated and  may  in  fact  be  exceptional.  Curve  3,  Fig.  3,  has  been  a 
more  common  type  with  beef  used  in  this  laboratory.  The  bouillon 
contained  1  per  cent  peptone  and  about  0.15  per  cent  muscle  sugar. 
The  initial  acidity  Avas  reduced  with  alkali  to  0.8.  After  inoculation 
the  acidity  rose  to  2.45  where  it  remained  for  14  days.  On  the  17th 
day  the  toxicity  was  about  0.09  cc. 

Curve  4,  Fig.  3,  represents  the  course  of  a  culture  in  dextrose-free 
bouillon  containing  2  per  cent  peptone  and  about  0.18  per  cent  dex- 
trose added  before  inoculation.  On  the  3d  day  the  acidity  had  risen 
to  3.G.  On  the  5th  day,  when  the  acidity  was  still  1.44,  the  toxicity 
was  0.015  cc.     On  the  10th  day  it  was  0.01  cc. 

The  following  parallel  tests  with  bouillon  from  the  same  beef,  one 
lot  fermented  with  B.  coli,  the  other  not,  are  still  more  demonstrative. 

I.  Dextrose-free  bouillon  receives  in  sterile  solutions  1  per  cent  pep- 
tone and  0.6  per  cent  dextrose.  Initial  reaction  —  1.4.  After  7  days, 
reaction  feebly  alkaline  to  phenolphthalein,  m.  f .  d.  about  .008  cc. 

II.  The  unfermented  bouillon  containing  about  0.1  per  cent  muscle 
sugar  receives  1  per  cent  peptone.  The  initial  reaction  is  —  1.4.  After 
inoculation  the  acidity  rises  to  —  2.13  and  remains  there  for  20  days 
(Curve  0,  Fig.  3).  Toxicity  at  this  time  about  0.06  cc*  It  should  be 
noted  that  the  bouillon  used  contained  only  one  per  cent  peptone. 

From  these  few  illustrations  among  many  it  is  evident  that  the 
amount  of  acid  formed  in  ordinary  peptone  bouillon  is  not  sufficient  to 
account  for  the  marked  interference  with  growth,  for  when  dextrose 
is  added  to  fermented  bouillon  the  acidity  may  be  much  greater  dur- 
ing the  first  2  days  as  illustrated  by  Curve  6,  Fig.  3.     There  is,  how- 

*  The  inoculations  were  as  follows: 

I.  0.01  cc.  fatal  to  289-graninie  g^uinea-pig  in  44  hours. 

II.  0.05  cc.  produces  local  necrosis  in  a  289-gramme  guinea-pig.  After  17 
days  guinea-pig  weighs  355  grammes. 
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ever,  a  prompt  production  of  alkali  which  makes  the  curve  of  these 
cultures  quite  acute  in  outline.  The  cultures  in  unfermented  bouil- 
lon usually  languish  at  a  comparatively  low  degree  of  acidity  and  the 
accumulation  of  toxin  is  correspondingly  light. 

In  searching  for  the  cause  of  this  peculiar  inhibition  of  the  growth 
of  the  diphtheiia  bacillus  in  ordinary  bouillon  it  occun*ed  to  me  that 
possibly  the  glycogen  of  the  muscular  tissue  might  be  responsible. 
This  factor  however  was  eliminated  by  a  single  experiment.  The 
presence  of  glycogen  had  no  effect  upon  the  reaction  curve  of  diph- 
theria cultures.  The  cultures  proceeded  as  in  dextrose-free  fermented 
bouillon.  In  other  words,  diphtheria  bacilli  do  not  attack  glycogen 
as  they  do  dextrose. 

Very  many  experiments  have  been  made  during  the  past  two  years 
to  determine  the  influence  of  adding  peptone  and  alkali  before  and 
after  the  first  boiling  of  the  beef  infusion,  also  the  behavior  of  peptone 
added  before  the  final  autoclaving  and  after  it  in  sterile  solution.  It 
was  thought  that  possibly  the  interaction  of  the  different  substances 
in  presence  of  carbohydrates  or  a  slight  excess  of  either  acid  or  alkali 
might  produce  modifications  of  the  peptones  or  other  substances  suffi- 
cient to  influence  the  production  of  toxins  favorably  or  unfavorably. 
These  experiments  were  made  with  the  same  beef  infusion,  each  set 
of  flasks  having  their  contents  modified  in  some  way.  Without  going 
into  detail  concerning  these  tedious  trials,  it  may  be  stated  that  if  a 
bouillon  gives  rise  to  much  toxin  when  prepared  according  to  one 
method,  it  will  yield  equally  goods  results  whatever  be  the  order  of  neu- 
tralizing or  adding  the  various  ingredients.  "With  reference  to  the 
addition  of  dextrose  I  may  state  that  it  largely  disappears  when  added 
to  the  raw  infusion.  When  added  to  the  boiled  and  filtered  infusion 
it  is  not  lost. 

Bouillon  may  even  remain  markedly  acid  during  the  preparation  with- 
out losing  its  toxin-producing  capacity,  provided  the  acidity  be  properly 
reduced  before  use.  In  one  instance  the  final  acidity  through  some  over- 
sight was  left  at  3  per  cent.  After  a  reduction  to  0.7  per  cent  with  23  cc. 
normal  soda  solution  per  litre  and  the  addition  of  0.12  per  cent  dextrose 
in  sterile  solution  the  fluid  was  inoculated.     After  6  days  the  toxicity 
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was  .007  cc.     The  course  of  the  reaction  is  shown  by  Curve  G,  Fig.  3.     A 
dupHcate  flask  yielded  the  same  toxin.* 

The  unusually  good  results  obtained  with  the  dextrose-free  peptone 
bouillon  might  reasonably  raise  the  query  whether  the  miscellaneous 
bacteria,  including  B.  coli  in  the  beef  infusion,  may  not  produce  some 
substance  from  which  toxin  is  easily  obtained  by  diphtheria  bacilli.  It 
has  already  been  stated  that  the  infusion  is  considerably  altered  dur- 
ing the  fermentation  since  the  coagulation  fomied  by  boiling  fails  to 
cohere  as  in  fresh  infusion  and  renders  filtration  very  difficult.  Bouil- 
lon prepared  in  this  way  without  peptone  and  tested  parallel  with  that 
to  which  2  per  cent  peptone  had  been  added  produced  barely  1  per 
cent  of  the  toxin  found  in  the  peptonized  fluid,  i.  e.  while  .01  cc.  or 
less  of  the  peptonized  bouillon  proved  fatal  to  guinea-pigs,  1  cc.  of 
the  peptone-free  bouillon  contained  only  a  trace  of  toxin  in  spite  of 
good  growth,  membrane  formation,  and  final  alkalinity.  Xor  does 
such  bouillon  give  rise  to  any  indol  when  indol-producing  bacteria 
have  multiplied  in  it.  AVe  are,  therefore,  justified  in  concluding  that 
the  fermentation  does  not  yield  any  substance  available  for  toxin  pro- 
duction, but  simply  eliminates  some  inhibiting  substance  from  the 
bouillon  while  the  true  source  of  the  toxin  is  the  peptone  added  to  it. 

OTHER  FACTORS  MODIFYING  TOXIK"  PRODUCTION. 

Besides  the  presence  or  absence  of  muscle  sugar  as  a  factor  in  the 
production  of  diphtheria  toxin,  there  are  several  others  which  have  a 

*  In  one  experiment  made  recently  the  fermented  bouillon  was  simply- 
left  acid  and  without  dextrose.  The  object  was  to  obtain  thereby  the  same 
amplitude  or  range  of  reaction  otherwise  secured  by  making  the  bouillon 
more  alkaline  and  adding  dextose  which  furnishes  the  acids.  The  result 
was  as  good  as  when  the  latter  method  is  employed.  Thus  a  flask  of  2  per 
cent  peptone  bouillon  with  an  initial  reaction  of  —  2.2  yielded  on  the  9th  day 
an  alkaline  fluid  whose  m.  f.  d.  was  about  0.004  cc.  (compare  with  Table  I, 
p.  391,  with  which  this  test  was  made).  Whether  this  procedure  would 
be  always  successful  and  capable  of  taking  the  place  of  the  alkali  plus 
dextrose  can  only  be  decided  after  repeated  trials.  Another  modification 
of  the  process  consisted  in  the  fermentation  of  the  boiled  and  filtered  broth 
instead  of  the  raw  infusion.  The  peptone  was  added  after  the  bacteria 
(B.  coli  and  others)  had  been  eliminated  by  boiling  and  filtration.  This 
modification,  tried  but  once,  also  yielded  a  strong  toxin. 
26 
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distinct  influence  and  which,  differently  employed  Ly  different  ob- 
servers, prevent  any  very  accurate  comparison  of  published  results. 
Among  these  the  most  important  are: 

1.  The  amount  of  peptone  used. 

2.  The  manner  in  which  the  stock  cultures  have  been  kept. 

3.  The  oxygen  supply  (character  of  the  culture  flask  and  the  depth 
of  the  layer  of  fluid). 

Other  possible  modifying  influences,  such  as  the  method  of  pre- 
paring and  sterilizing  the  bouillon  and  the  initial  reaction  do  not  in 
my  experience  have  any  marked  influence  so  long  as  the  reaction  at- 
tained by  the  culture  does  not  reach  the  inhibitoiy  limit  above  —  3.5 
per  cent. 

The  amount  of  peptone. — It  is  a  well-known  fact  that  of  the  pep- 
tones added  to  culture  media  only  a  small  amount  is  utilized  by  bac- 
teria. For  a  nimiber  of  years  the  writer  used  only  ^  per  cent  peptone 
for  culture  media.  The  return  to  one  per  cent  was  simply  to  con- 
form to  current  methods.  In  the  production  of  diphtheria  toxin  2 
per  cent  has  been  used  by  some,  1  per  cent  by  others.  A  number  of 
special  trials  have  been  made  in  combination  with  the  present  method 
of  preparing  the  bouillon,  to  determine  the  relative  efficiency  of  dif- 
ferent amounts  of  peptone. 

The  same  dextrose-free  bouillon,  placed  in  thin  layers,  2-2.5  cm.  deep, 
in  Erlenmeyer  flasks,  receives  (a)  0.5,  (b)  1,  and  (c)  1.5  per  cent  peptone. 
The  initial  reaction  is  —  0.87,  —  0.91,  and  — 0.8  respectively.  Each 
flask  receives  0.1  per  cent  dextrose  and  is  then  autoclaved.  On  the  ninth 
day  after  inoculation  the  fluid  is  alkaline  in  all  flasks. 

(a).  .01  cc.     fatal  to  240-gramme  suinea-pig  in  IJ  days  ±  ,  m.  f .  d.  .005  cc. 

.00.5  cc.  "       3.54  "  "  "  3f     " 

(b).         .008  cc.  "      235         "  "         "  U     "      ±  "        .0025  cc. 

.003  cc.  "      300         "  "         "  IJ     " 

(c).  .005  cc.  "      26S         "  "         "  IJ     "      ±  "        .0025  cc. 

.003  cc.   produces  induration  only. 

Leaving  aside  the  result  of  the  last  test  as  quite  irregular,  we  notice 
the  large  amount  of  toxin  produced  in  bouillon  containing  but  0.5 
per  cent  peptone.  The  difference  between  1  and  1.5  per  cent  peptone 
■may  be  regarded  as  trifling.     A  second  experiment  was  made  subse- 
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qiiently  in  wliirli  not  (Uily  tlie  pc})toiic  but  also  the  dcxlrosc  niid  tlit; 
stock  enlture  were  varied.  The  other  conditions  remained  the  same. 
The  cnlturos,  which  Avere  derived  from  the  same  original  stock  (Park 
and  A\'illianis),  had  the  following  history: 

a.  (Jrown  in  l)()iiillon  for  a  number  of  years. 

,9.  (irown  on  l^olllcr's  (horse)  scrum  for  9  months,  before  that  in 
Itouillon. 

;-.  (irown  on  serum  for  18  months  ])efore  that  time  in  bouillon.  /9  and 
y  were  passed  through  two  tubes  of  bouillon  before  use.  The  bouillon 
was  fermented. 

TABLE  I. 
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Table  I  shows  that  with  a  suitably  prepared  bouillon  the  accumu- 
lation of  toxin  in  the  presence  of  1  per  cent  peptone  may  be  nearly, 
if  not  quite  as  great,  as  in  the  presence  of  2  per  cent.  Other  tests  not 
here  described  taken  together  ^vith  these  have  convinced  the  writer 
that  probably  1.5  per  cent  peptone  is  as  efficient  as  2  per  cent  in  bouil- 
lon prepared  as  herein  detailed.  The  large  amount  of  dextrose  used 
up  by  this  bacillus  in  presence  of  2  per  cent  peptone  and  the  conse- 
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quent  increase  in  the  toxicity  of  the  culture  fluid  is  well  shown  in  the 
3rd  and  4th  lines  of  the  table. 

The  stock  culture. — The  favorable  influence  of  the  continued 
growth  in  bouillon  is  evident  from  the  preceding  experiment  and  de- 
serves careful  attention.  Bouillon  cultures  of  diphtheria  bacilli  un- 
dergo certain  changes  when,  as  first  suggested  by  Park  and  Williams, 
the  bacilli  are  transferred  at  short  intervals  from  tube  to  tube.  Those 
which  I  have  treated  in  this  way  grow  at  first  diffusely  through  the 
bouillon  and  only  a  very  faint  pellicle  appeal's  on  the  surface  after 
some  days.  If  the  cultivation  be  continued,  the  membrane  becomes 
heavier  and  the  tendency  to  a  difl'use  clouding  becomes  more  or  less 
checked.  If  such  culture  be  shaken  up  after  a  gTowth  of  4  or  more 
days  and  compared  with  one  inoculated  directly  from  serum,  it  will 
be  found  full  of  flakes  and  of  a  decidedly  yellowish  tinge  as  compared 
with  the  unifonnly  turbid  original.  The  color  approaches  that  of  the 
bouillon  because  the  flakes  disperse  the  light  less  than  the  fine  powdery 
suspension  in  the  original  culture.  A  tendency  to  cohere  is  developed 
in  the  bouillon,  which  tendency  favors  surface  growth.  This  condi- 
tion is  favorable  to  toxin  production,  especially  in  bouillon  made  from 
unfermented  beef.  In  fermented  bouillon  the  difference  is  less 
marked.  The  great  advantage  of  the  latter  bouillon  appears  when 
cultures  are  made  of  l)acilli  grown  on  Loffler  serum  and  those  freshly 
isolated  from  the  throat  whose  capacity  to  grow  on  the  surface  is  re- 
stricted. This  is  the  only  explanation  that  can  be  found  at  present 
for  the  many  failures  to  obtain  strong  toxin  some  years  ago  when 
the  work  of  preparing  antitoxin  was  started  with  ordinary  bouillon. 
^Martin  obtained  strong  toxin  -with  his  new  method  from  fresh  cul- 
tures. The  two  additional  cultures  I  have  tested  show  equally  satis- 
factory results.  Both  were  isolated  in  1896.  One  of  them,  Xo.  14, 
of  a  series  of  42  cultures  *  was  the  best  toxin  producer  of  the  series 
at  that  time  when  Spronck's  method  of  using  old  beef  was  still  used. 
Early  in  1897  the  m.  f.  d.  of  a  one  per  cent  peptone-bouillon  culture 
for  a  300-gTamme  guinea-pig  was  0.036  to  0.04  cc.  In  February, 
1898,  the  test  of  a  fresh  culture  yielded  a  m.  f.  d.  of  0.036  cc.     In 

*  Twenty-fourth  Ann.  Rep.  Mass.  State  Board  of  HeaUh,  p.  543. 
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June  another  culture  yielded  a  ni.  f.  d.  of  0.03  cc.  From  that  time 
.  until  October  this  bacilhis  was  passed  through  bouillon  every  4  days 
to  improve  the  growth  in  membrane  which  had  always  been  rather 
feeble.  The  toxin  then  produced  in  a  bouillon  containing  2  per  cent 
peptone,  filtered  and  stored  but  not  tested  until  4  months  later,  had 
the  surprisingly  low  fatal  dose  of  about  0.007  cc.  The  culture  was 
then  returned  to  Loffler's  scrum  until  March,  1^99,  when,  after  a  pas- 
sage through  3  tubes  of  bouillon  it  yielded  a  m.  f.  d.  of  0.012  cc. 

The  second  bacillus,  !N^o.  12  of  the  same  series,  yielded  in  1896  and 
189 7  Avitli  Spronck's  method  a  m.  f.  d.  of  0.04  cc.  to  0.45  cc.  It  has 
been  grown  continuously  on  LofHer's  (horse)  serum.  In  March, 
1899,  after  a  passage  through  4  tubes  of  bouillon  its  toxicity  was  tested 
together  with  bacillus  Xo.  14.  It  yielded  a  toxin  having  a  m,  f.  d. 
of  .02  cc.  for  a  260-gramme  guinea-pig.  More  recently  this  figure 
was  brought  down  to  .015  cc.  as  shown  in  Table  II  below. 

The  infiuence  of  continuous  cultivation  in  a  favorable  bouillon  is 
illustrated  in  some  recent  tests  with  bacillus  ISTo.  14.  Three  cultures 
were  used  in  the  comparative  test: 

a.  Grown  as  described  above  (about  4  months  on  bouillon,  then  about 
6  months  on  serum,  then  for  about  15  days  on  bouillon). 

&.  Grown  for  about  15  days  on  bouillon,  before  that  on  serum. 

c.  Grown  for  about  24  hours  on  bouillon,  before  that  on  serum. 

The  three  cultures  were  then  inoculated  into  fermented  bouillon  con- 
taining 2  per  cent  peptone  and  0.1  per  cent  dextrose  and  the  fluid  tested 
after  10  days'  growth: 

a.  0.02  cc.  fatal  to  355-gramme  guinea-pig  in  1|  days— m.  f.  d.  .Or2. 

b.  ^  0.02  cc.  "      263         "  "         "  3^     "  "     "    .02. 

c.  0.02  cc.  "      267         "  "         "  2|     "  "     "    .018. 

The  influence  of  the  prolonged  culture  in  bouillon  had  not  been 
wiped  out  by  the  succeeding  cultivation  on  serum  in  (a),  for  it  pro- 
duced a  toxin  about  50  per  cent  stronger  than  the  bacillus  gTown  on 
serum  alone. 

The  marked  increase  in  the  toxicity  of  the  bouillon  cultures  of  these 
two  bacilli  (JSo.  12  and  jSTo.  14)  since  their  isolation  in  1896,  is 
attributable  in  part  to  a  doubling  of  the  quantity  of  peptone,  in  part 
to  the  acquired  power  of  surface  gi'owth,  and  in  part  to  the  thorough 
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removal  of  the  muscle  sugar  and  the  addition  of  dextrose.  The  last 
factor  evidently  puts  the  bouillon  into  the  most  favorable  condition, 
for  toxin  production  while  the  others  aid  in  hastening  it.  This  is  of 
no  small  importance  when  we  consider  that  in  the  thermostat  there 
appears  to  be  a  continuous  destruction  of  toxin  going  on  side  by  side 
with  its  production.  By  intensifying  and,  therefore,  shortening  the 
life  of  the  culture,  the  flasks  can  be  removed  after  6  to  10  days,  accord- 
ing to  the  bacillus  used,  and  much  toxin  thereby  saved  from  destruc- 
tion. 

In  Table  II  a  final  illustration  of  the  relative  influence  of  these 
several  factors  is  given. 

The  culture  used  is  No.  12,  which  had  never  been  grown  in  bouillon, 
and  which  was,  therefore,  better  adapted  for  this  experiment  than  the 
culture  of  Park  and  Williams,  whose  membrane-forming  power  had  been 
developed  by  them  some  years  ago.  The  letter  a  stands  for  the  continuous 
cultivation  in  bouillon  through  17  transfers  at  intervals  of  4  or  .5  days,  i-t 
for  the  same  bacillus  grown  on  Loffler's  serum  since  its  isolation  imtil  21 
hours  before  use  when  a  bouillon  culture  was  prepared.  The  bouillon 
used  was  deprived  of  its  muscle-sugar  by  fermentation  and  some  dex- 
trose was  added.  The  cultures  were  in  Erlenmeyer  flasks  as  for  the 
experiment  in  Table  I.  In  the  a  flasks  after  inoculation  the  membranes 
formed  promptly  and  became  heavy.  The  fluid  remained  clear.  In  the 
^  flasks,  on  the  other  hand,  the  membranes  were  quite  feeble  and  the 
bouillon  well  clouded  throughout. 

As  a  result,  alkali  i)roduction  was  much  more  rapid  in  the  mem- 
brane-forming cultures  than  in  the  others,  since  it  took  the  latter  15 
days  to  reach  the  point  probably  attained  by  the  former  in  6  or  7  days. 
Nevertheless  the  accumulation  of  toxin  did  not  go  parallel  to  alkali 
production  in  the  flasks  containing  one  per  cent  peptone,  for  the 
toxicity  was  the  same  for  the  alkaline  and  the  still  acid  culture  on  the 
9th  day.  The  relatively  large  amount  of  toxin  in  the  4th  fla^^k  was 
probably  due  to  the  fact  that  on  the  7th  day  a  fairly  good  membrane 
had  formed.  After  the  9  th  day  a  better  membrane  appeared  on  the 
3d  flask  and  that  on  the  4tli  partly  subsided.  As  a  result,  the  4th 
flask  Inst  while  the  3d  gained  in  toxin  as  shown  by  the  second  test 
made  on  the  15th  dav.     The  uncertain  vield  of  bacilli  without  de- 
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cidcd    iiu'iiil)i-;mc-f(iriiiiiii:'  cajiacitv   as   well   as   the   disadvantages  of 
prolonged  stav  in  the  thermostat  are  here  unexpeetedly  (h-monstrated. 


TABLE  ri. 


Uii    o  1    £ 


O  03 
03: 


.11;-. 75 

.11!-. 8 


+  .5 
+  .5 


,11 


1    .11 


.7.5  -.6.5 


-.8    -.7 


Bacillus  No.  12. 
(Toxicity  after  it  days,  with  *  after  15  days.) 


S2 

OA  bo 

■wao.- 
c8»J  p. 

X      — 


+  .1 


+  .1 


.02cc.  fatal  to  411-irratiiine  iruinea-piij- in  o'^days  .01.5  cc. 

.25ec.    nearly  fatal   to  383-graninie  ijuinea-piti:. 

Large  slough 025 

C  .05cc.  fatal  to  26S-srramme  guiuea-pisi  in  6}^4  days!. 05 

I 
^  .03cc.  produces  moderate  necrosis  only 

I 

(^*.04cc.  fatal  to  278-gramme  guinea-pig  in  5  days 

.03  cc.        "  353       "  "  4M  " 


*.04cc.     " 


267 


.04 

.025 
.036 


It  must  not  be  inferred  from  these  experiments  that  the  memhrane- 
formiug  baeilhis  is  capable  of  overcoming  the  olistacles  inherent  in 
nnfermented  bouillon.  The  most  favorable  conditions  under  which 
the  bacillus  of  Park  and  AVilliams,  grown  continuously  in  bouillon, 
may  multiply  in  nnfermented  bouillon  do  not  bring  the  toxicity  up 
to  the  concentration  obtainal^le  in  fermented  bouillon  to  which  dex- 
trose has  been  added.  This  is  clearly  shown  by  the  following  tests  of 
5  different  lots  of  nnfermented  bouillon  recently  made  under  the  same 
conditions  as  those  governing  the  experiment  in  Table  I.  The  acid 
reaction  was  in  all  cases  reduced  V)y  adding  normal  XaoCOs.  The 
flasks  were  inoculated  with  the  culture  kept  growing  in  bouillon  only. 
The  column  headed  ""  ]\Iuscle-sugar  test  "  indicates  the  acidity  of  the 
closed,  branch  of  the  fermentation-tube  culture  of  B.  coli  over  and 
above  the  aciditv  of  the  sterile  bouillon.     Allowina-  an  increase  of 
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acidity  of  1  per  cent  for  0.1  per  cent  of  sugar*  it  will  be  seen  that 
the  amount  is  between  0.09  and  .17  per  cent — not  more  than  the 
amount  of  dextrose  that  is  easily  managed  and  utilized  by  diphtheria 
bacilli. 

TABLE  III. 


Result. 


^• 

d  • 

o  ? 

02 

cS  ^ 

^$. 

CO 

.2 
'3 

1.3 

—  .85 

+  0. 

1.1 

-8.. 5 

2. 

1.4 

-.8 

-1..5 

0.9 

—  .8 

-1.8 

1.6 

-0.7 

+  .15 

.02  cc.     fatal  to  244-gramme  guinea-pig  in  1|  days  ± 
m.  f.  d.=.012  cc. 

.02  cc.     fatal  to  243-gramme  guinea-pig  in  IJ  daj's  ± 
m.  f.  d.  =.01  cc. 

L  .02  cc.    fatal  to  24.5-gramme  guinea-pig  in  30  hours. 
.|.008cc.  "      253         "  "         "  2J  days  ± 

(  m.  f.  d.=.007  cc. 

.01  cc.     fatal  to  251-gramme  guinea-pig  in  2^  days, 
m.  f.  d.=.009  cc. 

.01  cc.   produces  large  slough  in  265-gramine  guinea- 
pig,  m.  f.  d.  =.012  cc. 


Tables  I  and  III  show  that  ^  to  ^  oi  the  amount  of  toxin  obtainable 
in  fermented  bouillon  plus  dextrose  is  produced  in  ordinary  bouillon 
under  identical  conditions.  For  bacilli  without  the  training  for  sur- 
face growth  the  result  would  have  been  far  worse,  as  all  experimenters 
have  amply  testified. f  Table  III  also  shows  that  the  bacillus  em- 
ployed, in  spite  of  its  surface  growth,  was  unable  to  make  more  than 
2  out  of  5  lots  of  bouillon  alkaline  within  11  days.  Nevertheless,  a 
considerable  amount  of  toxin  had  accumulated.  The  toxin  produc- 
tion goes  on  in  spite  of  unfavorable  conditions,  probably  in  virtue  of 
the  persistent  membrane  gTowth  and  the  large  amount  of  available 
peptone.  The  table  furnishes  further  illustration  of  the  fact  that  a 
strongly  alkaline  end  reaction  does  not  necessarily  imply  the  greatest 
toxic    accumulation.     A   comparison   of   this   with   preceding   tables 

*  See  Journ.  Boston.  Soc.  Med.  Sciences,  June,  1898,  for  this  estimate. 
t  Dr.  W.  H.  Park  informs  me  that  he  obtains  no  better  results  than  these 
^vitll  unfermented  bouillon  at  the  present  time. 
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slunvs  tliiiT  1  per  ceiiT  peptone  or  even  less  in  t'ciiiicnrol  Ixniillnii  niiiy 
accomplish  more  than  2  per  cent  in  ordinan-  boniUon. 

The  oxi/gen  siipph/. — Concerning  the  need  of  ahnndant  oxygen  in 
cultnres  of  diphtheria  bacilli  there  is  general  agreement  and  but  little 
need  be  said.  Ventilation  is  readily  secured  in  the  inndified  Fernbach 
llask  shown  in  Fig.  1  (p.  381),  and  this  flask  I  have  invariably  found 
superior  to  the  other  forms  of  the  Fernbach  and  to  Erlenmeyer  flasks 
when  the  layer  of  culture  fluid  was  about  2.5  cm.  deep.  By  reducing 
the  dejitli  of  the  layer  these  flasks  become  more  efficient. 

coxcLrsioxs. 

1.  Dextrose  is  not  in  itself  injurious  but  rather  favorable  to  toxin 
production.  AVlien  added  in  quantities  not  exceeding  0.2  per  cent  to 
peptone  bouillon  freed  from  fermentable  acid-producing  substances 
(muscle  sugar)  it  leads  to  a  maximum  accumulation  of  toxin  Ity  utiliz- 
ing the  available  peptone  to  the  best  advantage. 

2.  The  different  courses  taken  by  cultures  of  diphtheria  l)acilli  in 
ordinary  unfermented  peptone  bouillon  containing  muscle  sugar  and 
in  peptone  bouillon  made  from  fermented  infusion  to  which  0.1  to 
0.2  per  cent  dextrose  has  been  added  are  manifested  by  an  increased 
production  of  toxin  in  the  latter  as  well  as  by  a  rapid  return  from  an 
acid  to  an  alkaline  reaction.  In  the  fonner  an  acid  reaction  may 
prevail  even  under  most  favorable  conditions. 

3.  These  differences  may  be  explained  by  assuming  either  that  the 
acid  products  of  the  muscle  sugar  are  different  from  those  of  dextrose 
andnon-utilizable,  or  else  that  the  bouillon  contains  certain  other  un- 
known inhibitory  substances  removed  during  fermentation.  The  use 
of  synthesized  media  and  an  analysis  of  the  acid  products  in  fermented 
bouillon  plus  dextrose  and  in  unfermented  bouillon  would  aid  in  ex- 
plaining the  differences. 

•1.  Among  the  accessory  conditions  which  favor  the  toxin  produc- 
tion in  unfermented  bouillon,  as  pointed  out  by  Park  and  Williams, 
are  increased  quantities  of  peptone,  well  developed  surface  growth  of 
the  diphtheria  bacilli,  and  a  low  initial  acid  reaction  (phenolphthalein). 
In  fermented  bouillon  these  accessory  conditions  are  also  favoring, 
though  of  less  importance. 
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FATTY  META.MOliPllOSIS  OF  riiOSPliOUUS 

POISOXIXG. 

By    ALONZO   ENGLEBEKT   TAYLOR,    M.  J)..    Assistant    Director    ok   the 
Laboratory,  and  Woodward  Associate  in  Clinical  Medicine. 

(From  ihc  W'UUam  Pepper  Lnhftrntory  of  Clinical  Medicitu-,  riiiicrKiti/  of 
rviinsiih-unid.  PJia^be  A.  Hearst  Fmmdatiou.) 

The  idea  of  employing-  hibernating  animal;,  for  the  study  of  fatty 
deg-eneration  seeans  to  have  originated  with  Leo  (1).  Later  Poli- 
manti  (2)  took  up  the  plan  along  simihir  but  le.-s  unc()ntroll(>(l  lines, 
and  reached  the  same  conclusions  as  Leo, — that  in  phosphorus  poison- 
ing in  frogs  fat  is  formed  from  the  protein.  In  the  work  of  both 
were  obvious  errors  and  also  opportunities  for  further  error.  Poli- 
nianti,  a^s  Pflueger  (3)  promptly  pointed  out,  erred  in  not  having 
determined  the  initial  weight  of  his  live  frogs,  and  in  assuming  that 
the  weight  at  death  and  the  dried  residue  of  the  poisoned  and  control 
frogs  could  be  properly  compared;  he  erred  further  in  employing 
heavier  frogs  for  the  poisoning,  while  lighter  frogs  were  used  as  con- 
trols; and  most  important  of  all,  Pliueger  demonstrated  that  hiber- 
nating frogs  contain  sufficient  glycogen  to  account  for  the  fat  appar- 
ently formed.  In  such  experiments  it  must  obviously  be  demon- 
strated that  the  fat  in  the  tissues  of  a  poisoned  animal  could  not  be 
derived  from  any  other  source  than  protein,  before  it  can  be  held  as 
demonstrated  that  in  fatty  degenerations  fats  are  produced  from 
protein. 

I  have  repeated  the  experiments  of  producing  phosphorus  poisoning 
in  frogs,  and,  I  believe,  have  arranged  the  conditions  so  rigidly  that 
the  results  must  be  indubitable,  in  so  far  at  least  as  this  particular 
procedure  is  concerned,     I  have  utilized  the  Rana  palustris. 

The  frogs  were  gathered  aljout  the  first  of  December.  1898,  and  lield 
in  moist  chambers  exposed  to  the  light  for  nearly  four  months  at  a  tem- 
perature of  18-30°  C.     This  was  done  in  order  to  exhaust  as  inuch  as 
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possible  the  store-houses  of  fat  and  glycogen.  Twenty-eight  males  were 
then  selected,  and  divided  into  groups  of  fourteen  each;  the  total  weight 
of  each  group  was  almost  identical  with  that  of  the  other,  and  the  frogs 
were  so  paired  as  to  make  the  series  balance  well.  The  frogs  were  wiped 
dry  with  filter  paper,  the  urine  expressed,  and  they  were  then  carefully 
weighed.  The  frogs  of  one  group  were  then  poisoned  by  phosphorus. 
I  wished  to  prolong  the  action  of  the  phosphorus,  and  the  frogs  were 
given  two  small  doses  rather  than  one  large  dose.  The  phosphorus  was 
administered  in  an  emulsion  of  acacia,  and  each  frog  was  given  0.001 
grm.  at  each  administration,  the  second  dose  being  given  on  the  fourth 
day.  "  Whenever  a  frog  died  his  control  fellow  was  at  once  killed.  Such 
as  did  not  die  were  killed  upon  the  twelfth  day.  and  their  controls  at 
the  same  time.  The  animals  were  weighed  when  found  dead  or  when 
killed.  An  interesting  point  was  the  oedematous  condition  of  many  of 
the  poisoned  frogs,  especially  those  found  dead  over  night.  The  origi- 
nal weights  were  as  follows: 

CONTROLS.  TO  BE  POISONED. 

Cl  =  31.990  PI— 22.4.50 

C2=20.600  P2  =  21.000 

C3  =  21.330  P3  =  21.000 

04=22.850  P4=21.690 

05  =  20.090  P5=20.620 

06  =  21.200  P6=  21.4.50 

07  =  38.000  P7  =  43.700 

08  =  28.030  P8=26.770 

09  =  19.870  P9  =  21.100 
010=19.8.50+  P10  =  18.2S0 

011  =  18.1.50  Pll  =  16.260 

012  =  14.9.50  P12=  15.480 

013  =  14.320  PIS  =  14. 1.50 
014=12.840  P14=  10.400 


294.430  grm.  294.350  ffrm. 

One  control  frog,  CIO,  weight  19.850,  was  lost.     The  total  weight  of 
the  dead  animals  was: 

CONTROLS.  POISONED. 

01  =  19.300  Pl  =  22.100  killed. 

02=19.850  P2  =  22.720  dead. 

03  =  20.270  P3  =  25. 480  dead. 

04=22.500  -  P4  =  21.200  killed. 

05=20.2.50     .  P5=24.100dead. 

06=21.000  P6=21.4.50  killed. 

07=36.1.50  P7=42.500  killed. 

08  =  2.5.650  P8  =  27.900  dead. 

09=16.6.50  P9  =  20. 900  killed. 

C10=lost  P10=18.900  killed. 

011  =  17.300  Pll  =  13.900  dead. 

012=12.900  P12=  14.450  killed. 

013  =  14.400  P13  =  13.500  killed. 

014  =  12.500  P14=  13.000  dead. 


2.58.720  302.100  grm. 

19.000  lost,  approx. 
277.720  grm. 
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111  all  jirohaliiliiy  iiiiuli  of  the  loss  in  weight  iu  the  control  frogs  was 
due  to  the  liiel  that  I  lie  dead  frogs  could  be  wiped  more  completely  dry 
than  the  living  frogs.  Poisoned  frogs  Nos.  2,  3,  5,  8,  and  14  gained 
notably  in  weight;  they  were  oedematous  and  the  gain  seemed  obviously 
water.  A  comparison  of  these  tables  of  weights  illustrates  how  inaccu- 
rate it  would  be  to  use  as  the  basis  of  calculation  the  dead  weight  of  the 
frogs  at  the  end  of  the  experiment.  The  only  correct  basis  of  calculation 
is  the  original  live  weight  before  the  experiment. 

The  bodies  of  the  frogs  were  first  partly  dried  in  ovens  at  70°  C,  and 
then  completely  dried  in  a  vacuum  over  sulphuric  acid.  They  were 
then  finely  ground  in  a  small  closed  hand-mill,  again  dried  in  a  vacuum 
over  sulphuric  acid,  and  weighed.     The  dried  residues  were: 

Control  froijs  :  -19.8.5.5  grm.  Poisoned  Froars  :  44.6'.i0  jurrm. 

or  18. 1.5<|;  of  the  original  weight.  or  15.15f^  of  the  original  weight. 

In  order  to  make  the  comparison  complete,  allowance  must  be  made 
for  the  lost  control  frog:  assuming  his  dried  residue  the  same  as  his  fel- 
lows the  dried  residue  of  the  control  frogs  n^as  18.15  per  cent  of  294.430, 
or  53.441  grm.,  as  against  44.620  grm.  for  the  poisoned  frogs,  represent- 
ing a  loss  of  dried  residue  during  the  process  of  poisoning  of  8.821  grm., 
or  16.5  per  cent. 

Three  portions  each  of  the  control  and  poisoned  frogs  were  then  sub- 
mitted to  the  Kjeldahl  process  for  the  estimation  of  nitrogen.  The  re- 
sults were  as  follows: 

CONTROLS  :  POISONED  : 

1  —  0.604  grm.  subs.  =  0.0T08  N.  1  —  0.735  grm.  subs.  =  0.0865  N. 

2  —  0.570  grm.  subs.  =  0.0666  N.  2  — 0..550  grm.  subs.=0.0645  N. 

3  —  0.575  grm.  subs.  =  0.0656  N.  3  —  0.6.50  grm.  subs.=0.0766  N. 

On  an  average,  11. .55??;  of  the  An  average  of  11.70^  of  the 

dried    residue,    or    5.762    grm.  dried    residue,    or    5.221    grm. 

total  nitrogen.      Including  the  total     nitrogen,    or    1.776^    of 

lost  control  frog,  however,  the  the  original  weight.    This  with 

dried  residue  was  53.441  grm.,  the    factor   6.25    would   corre- 

of    which    the    total    nitrogen  spond    to    a  protein  of   32.631 

(11.55x53.441)  would    amount  grm. 

to  6.403  grm.,  or  2.173<:^  of  the 
original  weight.  This  with  the 
factor  6.25  would  correspond 
to  a  total  protein  of  40.019 
grm. 

Thus  during  the  process  of  the  poisoning  by  phosphorus  1.182  grm. 
of  nitrogen  were  lost  as  compared  to  the  control  frogs;  this  corresponds 
to  a  loss  in  protein,  using  the  factor  6.25,  of  7.388  grm.,  or  18.37  per 
cent.  These  7.388  grm.  of  proteid  contain  about  3.500  grm.  of  carbon, 
which  could  conceivably  correspond  to  about  4.600  grm.  of  fat. 
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The  material  of  each  series  was  then  subjected  to  the  same  analyses, 
as  follows: 

The  entire  remainder  of  the  dried  residue,  after  the  small  portions  for 
the  nitrogen  determinations  had  been  taken,  was  placed  in  a  beaker, 
500  cc.  of  water  added,  hydrochloric  acid  until  the  mixture  contained 
one-half  of  one  per  cent  HCl,  and  2  grm.  of  pepsin  which  was  free  of 
fat  and  glycogen.  The  beaker  was  then  placed  in  an  oven  at  38°  C. 
and  allowed  to  remain  there  with  the  further  addition  of  HCl  in  the 
third  day,  until  digestion  was  completed,  which  was  at  the  end  of  the 
fourth  day,  when  the  frog  powder  had  gone  into  solution  except  for  a 
few  minute  particles.  The  acidity  was  then  partially  neutralized  by 
the  addition  of  NaHO,  and  the  fluid  transferred  into  modified  Sohxlet 
tubes  designed  for  the  extraction  of  fats  from  liquids,  and  there  ex- 
tracted with  ether  for  about  seven  hours  per  day  during  five  days.  To 
make  sure  of  complete  extractions  the  fluid  was  then  thoroughly  shaken 
with  ether  in  glass-stoppered  cylinders.  The  combined  ethereal  extrac- 
tions were  then  allowed  to  evaporate,  and  the  fat  collected  in  pure  ether, 
filtered,  the  ether  allowed  to  evaporate,  the  fat  then  placed  in  an  oven 
at  95°  for  several  days,  cooled  and  weighed  as  crude  fat.  The  crude 
fats  were  then  saponified  with  alcoholic  KHO,  the  mixture  rendered 
acid  with  H0SO4,  and  the  fatty  acids  extracted  with  ether.  The  ether 
was  then  allowed  to  evaporate,  the  fatty  acids  then  dissolved  in  alcohol, 
and  titrated  with  X/10  alcoholic  potassium  hydrate,  with  phenolphthalein 
as  an  indicator.  From  the  titration  the  fats  were  calculated  upon  the 
basis  of  a  mixture  of  stearin,  palmatin,  and  olein,  a  calculation  certainly 
not  accurately  applicable  to  frog's  fat.  Of  the  fat  in  the  control  frogs, 
4.534  grm.,  86.1  per  cent  was  fat,  being  3.904  grm.;  the  remainder, 
0.630  grm.,  being  lecithin,  cholesterin,  pigments,  etc.  Of  the  fat  in  the 
poisoned  frogs,  3.508  grm.,  84.6  per  cent  was  pure,  being  2.968  grm.; 
the  remainder,  0.540  grm.  being  lecithin,  cholesterin,  pigments,  etc. 
Thus  of  pure  fat  the  control  frogs  had  3.904  grm.,  the  poisoned  frogs, 
2.965  grm.,  a  loss  of  0.936  grm.  The  chief  value  of  this  study  of  the 
fats  lies  in  the  fact  that  it  demonstrated  that  the  ethereal  extracts  from 
the  two  series  contained  approximately  the  same  amount  of  fat. 

The  weighed  fats  were  not  deeply  pigmented.  The  fat  from  the  con- 
trol frogs  weighed  4.0846  gTm.  The  fat  from  the  poisoned  frogs  weighed 
3.356  grm.  Since  these  quantities  were  obtained  from  the  powders 
minus  the  quantities  used  for  the  nitrogen  analysis,  they  must  be  cor- 
rected. From  the  residue  of  the  control  frogs,  49.885  grm.,  1.749  grm. 
were  removed  from  the  three  nitrogen  analyses;  the  4.0846  grm.  fat  in 
the  control  frocks  were  therefore  48.136/49.885  of  the  total,  which  would 
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he  -1.233  grm.  From  the  dried  residue  of  the  poisoned  frogs,  l-i.G^O 
grni.,  1.5)35  grin,  were  removed  for  the  nitrogen  analyses;  the  3.3o(j  grm. 
fat  were  therefore  42.G85/44.G20  of  the  total,  which  wonld  be  3.508  grm. 
The  4.232  grm.  of  fat  in  the  control  frogs  is,  however,  still  too  small  hy 
reason  of  the  absence  from  the  analysis  of  the  one  lost  frog.  As  cal- 
culated for  the  dried  residue,  this  was  raised  from  49.885  to  53.441  grm.; 
the  4.232  grm.  of  fat  therefore  represented  49.885/53.441  of  the  real 
total,  which  would  be  4.534  grm.  Since  294.430  grm.  of  control  frogs 
contained  4.534  grm.  of  fat,  the  percentage  was  1.54  per  cent;  and  since 
294.350  grm.  of  poisoned  frogs  contained  3.508  grm.  of  fat,  the  percent- 
age was  1.19  per  cent.  Thus  the  control  frogs  contained  4.534  grm.  of 
fat.  and  the  poisoned  animals  3.508  grm. — a  loss  of  fat,  therefore,  during 
the  course  of  the  phosphorus  poisoning,  of  1.026  grm. — or  22.64  per  cent. 

Following  the  extraction  of  the  fats  the  digested  fluid  was  neutral- 
ized, wherein  a  rather  heavy  precipitate  was  produced.  The  precipitate 
was  separated  by  filtration,  and  in  the  filtrate  and  precipitate  the  Briicke- 
Kiilz  method  for  glycogen  was  conducted  separately.  The  use  of  this 
method  after  the  digestion  of  the  substance  has  been  recommended  by 
Austin  (4). 

The  precipitate  was  heated  in  a  2  per  cent  KHO  until  homogeneous, 
then  cooled  and  HCl  and  Briicke's  reagent  added  until  no  further  pre- 
cipitate appeared.  The  precipitate  was  then*  filtered  off.  redissolved  in 
2  per  cent  KHO,  reprecipitated  with  HCl  and  Briicke's  reagent,  and 
this  process  was  repeated  four  times;  the  filtrates  were  then  united. 

The  original  filtrate  was  then  mixed  with  twice  its  volume  of  96  vol. 
per  cent  alcohol  and  allowed  to  stand  24  hours.  By  this  time  the  glyco- 
gen was  entirely  precipitated,  and  it  was  hoped  that  the  albumoses  would 
remain  entirely  in  solution.  This  they  did  not  do;  a  portion  was  pre- 
cipitated. The  precipitate  was  washed  twice  in  62  vol.  per  cent  alcohol 
containing  a  little  XaCl,  and  then  dissolved  in  warm  water.  In  order 
to  attempt  to  avoid  the  milky  cloudiness  which  would  surely  be  pro- 
duced by  the  Briicke  reagent  in  a  liquid  containing  albumoses,  the  solu- 
tion was  again  mixed  with  double  its  volume  of  96  vol.  per  cent  alcohol; 
as  before,  albumoses  were  precipitated  and  could  not  be  separated  from 
the  glycogen  in  this  way.  Upon  the  following  day,  the  precipitate  was 
dissolved  in  warm  water,  the  required  amount  of  KHO  added  to  bring 
it  up  to  2  per  cent  KHO,  and  then  submitted  to  the  precipitation  with 
HCl  and  Briicke's  reagent;  a  small  precipitate  and  a  milky  cloudiness 
appeared,  and  the  solution  was  allowed  to  stand  24  hours,  but  the  cloudi- 
ness still  persisted.  Thereupon  the  entire  Briicke-Kiilz  procedure  was 
repeated,  but  with  the  same  result.     This  time  the  precipitate  was  sepa- 
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rated  by  filtration,  and  four  times  redissolved  in  KHO,  repreeipitated 
by  HCl  and  Briieke's  reagent  and  filtered.  All  the  filtrates  were  united 
and  finally  added  to  the  filtrates  obtained  from  the  manipulation  of  the 
original  residue,  and  thus  all  the  glycogen  in  each  series  of  frogs  was 
finally  brought  into  one  solution.  This  solution  was  of  a  pale  milky 
color,  and  all  efforts  to  clarify  it  were  fruitless.  The  same  phenomena 
occurred  in  both  series  of  analyses,  and  were  in  all  probability  due  to  al- 
bumoses  which  arose  during  the  digestion  of  the  frogs.  It  was  obvious 
that  the  glycogen  would  not  be  pure  preparations.  Double  analyses  of 
aliquot  parts  of  each  solution  were  then  made  according  to  the  Kiilz  (5) 
method — precipitation  by  2  volumes  of  96  vol.  per  cent  alcohol,  careful 
washing  upon  the  weighed  filter  paper,  first  with  66  per  cent  alcohol, 
then  95  per  cent,  three  times  with  absolute  alcohol,  three  times  with 
ether,  and  finally  again  with  absolute  alcohol,  and  drying  to  a  constant 
^veiglit  at  90°  C,  which  required  about  four  days.  The  glycogen  in  the 
control  frogs  was  2.029  grm.  and  2.0T0  grm.  respectively  for  two  analyses, 
the  average  being  2.049  grm.  The  glycogen  in  the  poisoned  frogs  was 
1.784  grm.  and  1.802  grm.  respectively  for  two  analyses,  the  average  be- 
ing 1.793  grm.  These  must  both  be  corrected,  as  were  the  fats,  for  the 
quantity  of  dried  residue  removed  for  the  nitrogen  analyses.  The  2.049 
grm.  in  the  control  frogs  was  48.136/49.885  of  the  total,  therefore  2.123 
grm.  The  1.793  grm.  in  the  poisoned  frogs  was  42.685/44.620  of  the 
total,  therefore  1.874  grm.  The  2.123  grm.  in  the  control  frogs  must 
be  further  corrected  for  the  lost  frog;  it  was  49.885/53.441  of  the  real 
total,  which  was  therefore  2.274  grm. 

It  was  obviously  necessary  to  determine  the  purity  of  the  glycogen. 
This  was  done  by  inverting  it  and  making  a  quantitative  analysis  of  the 
sugar.  For  inversion  I  employed  a  2.5  per  cent  HCl  solution,  using 
a  boiling  water  bath  for  four  hours.  The  sugar  was  determined  by  the 
cupric  oxide  method  as  elaborated  by  Pflueger  (6),  a  method  I  have  re- 
peatedly employed  with  entire  satisfaction.  According  to  the  formula  for 
glycogen  of  Hueppert  (7),  11  parts  of  glycogen  should  furnish  12  parts 
of  dextrose.  Of  the  glycogen  from  the  control  frogs  I  inverted  0.109 
grm.,  which  should  have  produced  0.119  grm.  dextrose;  my  analysis  fur- 
nished 0.102  grm.;  the  glycogen  was  therefore  85.8  per  cent  pure;  85.8 
per  cent  of  the  glycogen  in  the  control  frogs,  2.274  grm.,  equals  1.951 
grm.,  the  final  figure  for  glycogen  in  the  control  frogs.  0.66  per  cent  of 
the  original  weight  of  the  frogs.  Of  the  glycogen  from  the  poisoned 
frogs,  0.0942  grm.  were  inverted,  and  should  have  produced  0.102  grm. 
of  dextrose;  the  analysis  furnished  0.0924  grm..  the  glycogen  from  the 
poisoned  frogs  was  therefore  91.5  per  cent  pure;  91.5  per  cent  of  the 
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glycogen  in  the  poisoned  frogs,  1.847  grm.,  would  amount  to  1.690  grm., 
which  is  the  final  figure  for  the  glycogen  in  the  poisoned  frogs,  or  0.57 
per  cent  of  the  original  weight  of  the  frogs.  Thus  during  the  couree 
of  the  phosphorus  poisoning  the  frogs  lost  0.261  grm.  of  glycogen,  or 
13.3  per  cent.  As  a  matter  of  fact,  since  all  the  glycogen  results  are  too 
low — the  Kiilz  method  giving  always  too  low  results — the  loss  in  gly- 
cogen was  probahly  greater. 

SUMMARY  AND  DISCUSSIOX. 

588.780  grm.  of  frogs,  all  of  the  same  sex,  of  the  same  comparative 
approximate  weights,  taken  from  the  ground  about  the  same  time, 
kept  awake  and  \\'ithout  food  for  nearly  the  same  time,  were  divided 
into  equal  groups;  the  one  group  was  poisoned  with  phosphorus,  the 
other  group  held  as  a  control.  The  frogs  in  the  poisoned  group  lost  in 
dried  residue  8,821  grm.  or  16.5  per  cent  of  the  dried  residue  of  the 
control  group;  1.182  grm.  of  nitrogen,  corresponding  to  7.388  of 
proteid,  or  18.45  per  cent  of  the  nitrogen  and  protein  in  the  control 
frogs;  1,026  gnn.  of  fat,  or  22,64  per  cent  of  the  fat  in  the  control 
animals;  and  0.261  grm.  glycogen,  or  13.3  -|-  per  cent  of  the  glycogen 
in  the  control  frogs. 

I  believe  that  it  is  obidous  that  in  these  experiments  no  fats  were 
produced  from  protein.  ]\[athematically,  it  is  possible  to  conceive  that 
fats  could  have  been  fonned  but  entii-ely  buiiied  up.  As  previously 
stated,  the  carbon  in  the  proteid  lost  during  the  poisoning  was  equiva- 
lent to  4.600  grm.  of  fat,  and  it  is  conceivable  that  these  4.600  grm.  of 
fat  were  formed,  but  that  they,  together  with  the  1.026  grm.  of  fat 
actually  lost  during  the  experiments,  were  burned.  In  brief,  the  fat 
combustion  might  have  been  tremendously  increased,  and  masked  an 
actual  fat  fonnation.  This  however  is  unsupported  by  evidence,  and 
is  highly  improbable.  It  is  hard  to  conceive  that  in  an  organism 
whose  katabolic  functions  were  greatly  augmented  as  the  result  of 
phosphorus  poisoning,  in  which  protein,  fat,  and  glycogen  were  being 
burned  in  excess,  the  carbon  of  the  protein  would  fii*st  have  been 
converted  into  fat  and  then  the  fat  burned  as  such.  I  believe  the  only 
conclusion  which  can  be  drawn  from  these  experiments  is  that  no  fat 
was  formed  as  the  result  of  phosphorus  poisoning.     Thus  the  fatty 
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degenerations  so-called  which  occnrred  in  these  frogs  did  not  compre- 
hend any  formation  of  fat  at  all,  but  simply  the  deposition  of  fat. 

These  results  are  directly  opposite  to  those  of  Polimanti.  Poli- 
nianti  apparently  did  not  weigh  his  animals  before  the  beginning  of 
the  expeiiment,  and  based  his  calculations  upon  the  relation  of  the  fat 
to  the  dried  residue.  Obviously  his  calculation  was  based  upon  the 
assumption  that  the  dried  residue  of  a  frog  w^as  unaffected  by  j)hos- 
pliorus  poisoning.  Polimanti,  in  declining  to  base  his  calculations 
upon  the  weight  of  the  animals  when  dead,  states  that  as  water  is  often 
increased,  such  a  calculation  would  be  misleading.  But  since  the 
dried  residue  may  and  does  vary,  calculations  based  upon  it  are  ako 
misleading,  and  thus  the  only  proper  basis  of  calculation  is  the  original 
weight  of  the  frogs  before  the  experimentation.  Calculated  upon  the 
basis  of  the  dried  residue,  in  my  material  the  percentage  of  fat  in  the 
control  animals  was  8.48  per  cent,  in  the  poisoned  animals  7.86  per 
cent,  so  that,  even  upon  the  basis  of  Polimauti's  incorrect  calculation, 
in  my  experiments  fat  was  lost  in  notable  quantity. 

Just  before  this  study  w^as  completed,  the  publication  of 
Athanasiu,  (8)  from  Pflueger  s  laboratory,  appeared.  Operating  with 
a  large  number  of  frogs,  and  under  varying  conditions,  with  careful 
methods  and  rigid  controls,  Athanasiu  reached  the  conclusions:  that 
phosphorus  poisoning  has  no  eft'ect  upon  the  total  quantity  of  fat  in 
frogs;  that  it  has  little  effect  upon  the  nitrogen;  that  it  produces  a 
diminution  in  the  quantity  of  glycogen;  and  that  the  fatty  degen- 
erations are  really  fatty  inliltrations.  AVhile  my  results  agree  "with 
those  of  Athanasiu  in  the  essential  point  that  no  fat  was  produced 
by  phosphorus  poisoning,  they  differ  in  that  the  poisoned  frogs,  in 
my  experiments,  lost  fat  and  protein  as  well  as  glycogen,  while  his 
frogs  lost  only  glycogen.  Since  our  methods  were  almost  the  same, 
the  differences  must  have  resided  either  in  the  conditions  surrounding 
the  experiments,  or  in  the  animals.  I  do  not  believe  that  such  dif- 
ferences exist  between  the  Rana  fusca  and  esculenta  of  Europe  and 
the  Rana  palustris  of  America  as  to  explain  the  differences  in  our 
results.  These  differences  I  believe  may  be  explained  by  varying 
conditions.     My  animals  were  kept  in  a  warm  cellar,  at  a  temperature 
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of  from  is  (o  -JO'"  C.  Tlu'  pcricKl  of  ]iois(>ninii'  willi  Alluinasiii'.s 
frogs  varied  from  one  to  six  tla_\>;  all  of  my  frogs  lived  over  six  days, 
most  of  tliem  ten  or  twelve  days.  Since  we  know  that  tlie  kataholi*; 
actions  of  most  poisons  are  greater  in  prolonged  intoxications,  it  is 
fair  to  assnnio  that  the  time  clement  was  tlic  factor  in  the  production 
of  my  resnlts. 

AVhile  it  would  be  nnscicntitic  and  illogical  to  state  that  fat  cannot 
be  formed  from  protein,  the  fact  stands  that  it  has  never  ])een  shown, 
either  in  jihysiology  or  pathology,  that  fats  are  fomicd  from  protein. 
On  the  contraiy,  nearly  all  of  the  careful  work  upon  the  question  has 
yielded  negative  results.  Xot  only  has  it  uever  been  shown  that,  in 
fatty  degeneration  so-called,  fat  is  formed  from  the  cellular  protein, 
but  it  has  never  been  demonstrated  that  fat  is  then  formed  at  all,  even 
from  glucosides,  etc.,  substances  from  which  fats  may  be  readily 
formed. 
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Plates  XXI  asd  XXII. 

In  order  to  make  clear  the  following  description  of  the  minute 
changes  taking  place  in  the  heart-mnscle  cell,  it  Avill  be  -well  fii^st  to 
describe  briefly  the  appearances  met  with  in  noiinal  cardiac  muscle. 
In  a  previous  paper*  I  iave  given  a  detailed  description  of  these, 
together  with  an  account  of  the  histogenesis  of  the  cardiac  muscle  cell. 

HISTOLOGY   OF    THE   MUSCLE   OF   THE   NORMAL   HEART. 

The  nomial  adult  heart  muscle  of  the  human  subject  is  made  up  of 
irregular  rhomboidal  cells,  which  are  usually  considerably  branched. 
Each  cell  consists  of  darkly  staining  columns,  which  run  longitudi- 
nally and  are  separated  by  unstained  substance.  These  columns  are 
commonly  spoken  of  as  fibril  bundles,  and  correspond  with  what 
V.  Kolliker  has  called  "  Muskelsaulchen."  The  unstained  substance 
between  is  generally  known  as  sarcoplasm. 

Careful  observation  and  certain  methods  of  special  staining  reveal 
a  definite  relation  between  these  two  parts  of  the  cell.  The  fibril 
bundles  are  striated  like  voluntary  muscle,  showing  a  narrow  disc 
called  Krause's  membrane,  and  a  broader  disc  or  Brlicke's  line  of 
doubly  refractive  substance  between  each  two  nan*ow  striations. 
Krause's  membrane  corresponds  with  the  "Zwischenscheibe"  of  Ger- 
man writers,  and  Briicke's  line  is  identical  with  the  "  Querscheibe." 

*  J.  B.  MacCallum,  On  the  Histolog-y  and  Histogenesis  of  the  Heart-mus- 
cle Cell,  Anatomischer  Anzeiger,  1897,  xiii,  609. 
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In  tliin  sections,  especially  those  stained  by  Kolossow's  method,  the 
Kranse's  membranes  are  seen  to  belong  to  the  sarcoplasm  as  well  as  to 
the  fibril  bundles  (Plate  XXI,  Fig.  1).  The  sarcoplasm  is  divided  into 
distinct  discs  by  membranes  -which  horizontally  are  continuous  with 
the  Krause's  membranes  of  the  fibril  bundles.  There  may  be  more 
than  one  of  these  discs  between  two  adjacent  fibril  l)uudles  (Plate 
XXI,  Fig.  1,  A);  and  at  the  centre  of  the  cell  the  perinuclear  sarco- 
plasm is  made  up  of  discs  alone. 

Seen  in  transverse  section  (Plate  XXI,  Fig.  2)  the  cell  consists  of 
darkly  staining  masses  which  are  cross-sections  of  fibril  bundles,  sepa- 
rated by  definite  discs  of  unstained  substance,  the  sarcoplasmic  discs. 
The  muscle  fibre  then  contains  a  continuous  network,  made  up  of 
the  fibril  bundles,  and  the  membranes  bounding  the  sarcoplasmic 
discs.  The  points  of  junction  of  these  membranes  with  the  fibril 
bundles  are  at  the  narrow  striations  or  Krause's  membranes  of  the 
fibril  bundles. 

The  relation  of  these  parts  is  made  clear  by  their  histogenesis.  The 
earliest  stage  in  the  development  of  the  heart-muscle  cell  shows  an 
irregular  network  in  the  protoplasm.  This  tends  to  become  more  reg- 
ular as  shown  in  Plate  XXI,  Fig.  3,  assuming  the  form  of  discs  which 
in  transverse  sections  are  seen  as  clear  circular  areas.  Some  of  these 
discs  break  up  into  smaller  ones,  and  in  the  angles  between  them  there 
is  an  accumulation  or  a  differentiation  of  the  substance  of  the  network, 
giving  rise  to  longitudinally  disposed  masses.  The  earliest  formation 
of  these  is  around  the  periphery  of  the  cell  as  shown  in  Plate  XXI, 
Fig.  4.  They  become  what  in  the  adult  cell  are  known  as  fibril 
bundles,  and  the  discs  left  in  between  are  the  saVcoplnsmic  disc^ 
described.  It  is  thus  seen  that  the  network,  composed  partly  of  the 
fibril  bundles,  is  derived  directly  from  the  primitive  network  of  the 
embryonic  cell.  It  is  further  a  very  noticeable  fact  that  the  formation 
of  fibril  bundles  takes  place  fii*st  at  the  peripheral  part  of  the  cell,  so 
that  those  fibril  bundles  which  are  formed  latest  are  nearest  the 
centrally  placed  nucleus. 

In  the  state  of  extension  the  muscle  fibre  differs  veiw  markedly  from 
the  condition  described  above.     It  often  hap^Dens,  especially  in  cases 
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of  frag'iiiciitatiou  of  tlio  inyocnnliuin,  that  two  cells,  sejxirated  only  Ijy 
a  cemoiit  lino,  an'  in  tlic  state  of  contraction  and  extension  respectively. 
The  contracted  tihre  is  nnicli  broader  than  the  other,  and,  on  follow- 
in<i-  it  to  the  cement  line,  the  edges  suddenly  narrow  down  when  the 
next  cell  is  reached,  as  shown  in  Plate  XXI,  Fig.  5.  It  is  evident  that 
the  narrow  cell  is  the  extended  one,  and  the  histological  characters  of 
it  indicate  that  it  has  undergone  a  very  decided  change.  The  most 
noticeable  differences  are  the  follomng: — In  the  extended  fibre  the 
lateral  edges  are  distinctly  concave,  as  compared  with  the  slightly 
convex  bonndaries  of  tlu^  contracted  cell.  The  fibril-bundles  are 
much  closer  together  in  the  extended  fibre,  and  seem  to  occupy  rela- 
tively more  space  than  in  the  contracted  condition.  As  a  consequence 
of  this  the  sarcoplasm  is  much  less  in  evidence.  Within  themselves 
also  the  fibril  bundles  show  marked  changes.  The  distance  between 
each  two  narrow  striations  or  Krause's  membranes  is  veiy  much 
greater  than  in  contracted  muscle.  In  this  space  there  is  a  darkly 
staining  mass  which  has  on  each  side,  between  it  and  the  respective 
Krause's  membranes,  a  clear  space.  This  dark  body  coiTcsponds  in 
position  with  the  secondary  striation,  or  Briicke's  line.  It  is,  however, 
very  diiferent  in  fomi  from  this  structure  in  contracted  muscle.  It  is 
generally  somewhat  nai-ro^ver,  and  considerably  longer.  "Whereas 
in  contracted  fibres  its  transverse  diameter  is  two*  or  three  times  as 
great  as  its  length,in  extended  muscle  it  is  either  equally  great  in  both 
axes,  or  even  greater  in  the  long  axis.  As  represented  in  Plate  XXI, 
Fig.  5,  B,  the  most  conspicuous  striation  in  contracted  muscle  is 
Krause's  membrane;  while  in  the  extended  condition  (Fig.  5,  A) 
Briicke's  line  becomes  veiw  distinct,  and  the  narrow  striations  are 
hardly  to  be  seen. 

METHODS  AXD  MATERIAL. 

For  the  following  study  of  some  of  the  pathological  conditions  met 
with  in  heart  muscle,  only  human  tissues  were  used.  These  were 
obtained  in  part  fresh  from  autopsies  made  in  the  Johns  Hopkins 
Hospital,  and  in  part,  from  already  preseiwed  specimens.  "With 
rea'ard  to  some  of  the  tissues  used  in  the  studv  of  fragmentation  and 
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segmentation,  I  am  greatly  indebted  to  Dr.  Hektoen  of  Chicago,  who, 
at  the  request  of  Dr.  Flexner,  sent  a  number  of  exqiii?;ite  specimens 
to  the  laboratoiy. 

All  the  tissues  that  were  obtained  fresh  were  treated  by  Kolossow's 
osmic  acid  method,*  and  also  by  the  ordinary  methods.  The  other 
tissues  were  hardened  in  Zenker's  fluid,  alcohol  or  Miiller's  fluid. 
Sections  were  cut  in  both  celloidin  and  paraffin. 

The  tissues  treated  by  Kolossow's  method  were  studied  without 
further  staining.  The  others  after  being  cut  were  submitted  to  a  treat- 
ment somewhat  similar  to  that  described  in  Kolossow's  method.  The 
sections  were  placed  in  1  per  cent  osmic  acid  for  2 — 5  minutes  until 
they  were  thoroughly  impregnated.  They  were  then  transfeii'ed  to 
Kolossow's  reducing  fluid  (tannic  and  pyrogallic  acids)  until  the  pre- 
cipitation was  complete.  If  the  stain  is  not  intense  enough,  this 
process  may  be  repeated,  care  being  taken,  however,  that  all  the  reduc- 
ing fluid  is  washed  out  wdth  w'ater  before  the  sections  are  again  put  into 
osmic  acid.  The  sectioiis  may  be  dehydrated  and  mounted  in  the 
ordinary  way.  This  mode  of  staining  is  not  by  any  means  recom- 
mended in  place  of  Kolossow's  original  method,  for  it  gives  much  less 
distinct  pictures.  It  is,  however,  convenient,  in  that  tissues  hardened 
by  any  of  the  ordinary  methods  can  be  used,  while  in  the  original 
method  only  fresh  tissues  can  be  employed.  A  nuclear  stain  may  be 
obtained  in  connection  with  this,  by  treating  the  sections  subseqtiently 
with  safranin. 

Specimens  stained  in  hsematoxylin  and  eosin,  safranin,  and  van 
Gieson's  fluid  were  also  studied. 

FRAGMENTATIOX   AND   SEGMENTATION    OF   THE   ilYOCAEDIUM. 

Eenaut  and  Landouzyf  in  1877  were  the  first  to  describe  a  dissocia- 
tion of  the  muscle  cells  of  the  heart.  They  believed  that  it  was  due  to 
nutritive  disturbances,  which  acted  in  such  a  way  that  the  cement  sub- 
stance between  the  cells  was  softened.  They  called  the  condition  '"seg- 
mentation." 

*A.  Kolossow,  Ueber  eine  neue  Methode  der  Bearbeitiing  der  Gewebe  mit 
Osmiumsaure,  Zeitschr.  f.  uissenscluiftl.  Mflcroskopie,  1892,  ix,  38. 

t  Eenaut,  Note  siir  les  alterations  du  myocarde  accompagnant  I'inertie 
cardiaqne,  Compt.  rend.  Societe  de  Biologic,  July,  1877. 
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lu'iiaul"  111  ISiKi  ti)iitril)Ut(.'(l  ;iiu»ilirr  arliolo  iji  which  lie  coiiisiders 
the  condition  as  a  definite  disease;  and  attributes  the  separation  of  the 
cells  to  a  solution  oi'  the  cement  substance. 

N'on  Recklinghausen  f  believes  that  breaking  niay  take  plaic  in  the 
ct'll-bodv  as  well  as  in  the  cement  line,  and  that  it  is  due  to  irregularities 
in  contraction,  rather  than  to  a  solution  of  the  cement  substance. 

IsraelJ  observed  that  there  is  a  sejiaration  of  the  muscle  bundles,  sug- 
gesting that  the  change  is  brought  about  by  mechanical  influences. 

Browicz^  believes  that  the  dissociation  of  the  muscle  cells  occurs  be- 
fore death,  and  may  give  rise  to  insufficiency  or  even  stoppage  of  the 
heart. 

According  to  Oestreich||  breaking  takes  place  mainly  in  the  body  of 
the  cell,  although  it  may  occur  in  the  cement  line.  The  condition  can- 
not be  brought  about  by  decomposition,  and  all  the  evidence  points  to 
its  being  an  ante-mortem  process.  Oestreich  cites  instances  of  its  pres- 
ence in  sudden  deaths,  death  under  chloroform,  etc.  It  may  occur  in 
almost  any  disease. 

Bardr  believes  that  the  breaking  occurs  after  death,  in  muscle  which 
is  almormally  fragile. 

It  is  thus  believed  by  some,  particularly  Browicz,  Eenaut,  Tedeschi, 
Israel,  and  Durand**  that  there  is  some  chemical  suljstance  formed  which 
acts  on  the  cement  leading  to  its  solution. 

By  others,  especially  v.  Recklinghausen,  Oestreich.  and  Bard,  the  con- 
dition is  thought  to  be  brought  about  mechanically. 

Since  these  works  a  paper  has  appeared  by  L.  Hektoen.f  f  in  which  the 
subject  is  carefully  worked  over.  Hektoen  divides  the  process  definitely 
into  segmentation  and  fragmentation.  The  former  term  is  used  when 
breaking  on  the  cement  line  is  meant,  while  "fragmentation'"  indicates 

*  Eenaut,  Gaz.  med.  de  Paris,  1S90,  7.  s.,  vii,  109;  123. 

t  Von  Recklinghausen.  T'crlHindluiu/en  (irs  X  Intern.  Congress.,  Berlin-  (1S90), 
ii.  Abth.  3.  p.  67. 

t  Israel,  Zur  Entstehungf  der  Fragmentatio  niyocardii,  Virchow's  Areliir, 
1893,  cxxxiil,  551. 

§  Browicz,  Ueber  die  Bedeutung  der  YerJinderungen  der  Kittsubstanz  der 
Muskelzellbalken  des  Herzmuskels.  Virchow's  Arcliir,  1S93,  cxxxiv,  1. 

||  Oestreich.  Die  Fragmentatio  myocardil,  Virchow's  Archir,  1894,  cxxxv,  79. 

^  Bard,  De  la  signification  anatomique  et  clinique  des  diverses  lesions  du 
myocarde.  Conijr'ef^  Frnncais  de  Mcdecine.  Paris,  1895,  p.  806. 

**  Durand.  Etude  anatomique  sur  le  segment  cellulaire  contractile  et  le 
tissue  connectif  du  muscle  cardiaque.     These.  Lj'on,  1879. 

tt  L.  Hektoen.  Segmentation  and  Fragmentation  of  the  Myocardium, 
Amrrican  Journal  of  Medical  f^'riences.  1897,  cxir.  555. 
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breaking  on  the  body  of  the  cell.  The  two  conditions,  he  thinks,  are 
due  to  a  "  disproportion  between  the  vigor  and  order  of  muscular  con- 
traction and  muscular  cohesion."  According  to  him  fragmentation  is 
possibly,  if  not  probably,  due  to  mechanical  agencies;  while  segmentation 
cannot  be  produced  in  this  way. 

In  a  recent  paper,  Karcher*  has  reported  more  especially  on  experi- 
mental fragmentation.  He  notices  the  increase  in  pigment,  the  swelling 
of  the  nuclei,  and  the  changes  in  the  cement  substance.  His  findings 
confirm  the  earlier  views  that  the  condition  is  most  commonly  found  in 
the, papillary  muscles,  less  frequently  in  the  left  ventricle,  and  only  occa- 
sionally in  the  right  ventricle.  According  to  Karcher  the  causes  may 
be  separated  into  two  classes: 

1.  Fragmentation  as  the  result  of  sudden  injuries  or  acute  processes. 

2.  Fragmentation  following  chronic  diseases  when  there  is  a  distur- 
bance of  the  nutrition  of  the  heart. 

Experimentally  Karcher  obtained  fragmentation  by  cutting  the  cer- 
vical cord  and  stimulating  the  peripheral  cut  end;  also  by  cutting  the 
vagus  in  the  cervical  region,  and  subsequently  giving  strychnine.  He 
concludes  that  fragmentation  of  the  myocardium  is  caused  chiefly  by 
disturbances  in  the  nutrition  of  the  heart,  especially  when  associated  with 
a  sudden  rise  in  blood  pressure. 

Histology  of  the  heart  muscle  in  fragmentation  and  segmentation  of 

the  myocardium. 

Studied  with  high  power's  and  "with  the  special  methods  of  staining 
described,  the  condition  known  as  fragmentatio  myocardii  is  seen  to 
be  a  more  complex  process  than  a  mere  breaking  of  the  fibre.  In  every 
case  where  the  breaking  is  at  all  prominent,  there  is  a  peculiar  condi- 
tion of  the  muscle  which  consists  in  an  alternating  contraction  and 
extension  of  the  filn-es.  Extension  and  contraction  are  not  here,  as 
is  the  case  in  normal  muscle,  present  in  large  areas.  The  cells  seem 
to  be  affected  separately,  and  one  often  finds  a  contracted  fibre  immedi- 
ately adjacent  to  an  extended  one.  In  normal  muscle  the  two  condi- 
tions may  be  present  in  the  same  section,  but  in  such  a  case  all  the 
fibres  in  one  part  of  the  section  are  contracted  and  all  those  in  another 
part  are  extended.     The  muscle  of  fragmentation,  however,  shows  a 

*J.  Karcher,  Ueber  die  Fragmentation  des  Herzmuskels,  Deiitsches  Archil 
fiir  klinische  Medichi,  1S97,  Ix,  67. 
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ivniarknlilr  (listrilmtion  n['  tlic  (liU'crciitly  jitVcc'cd  tiln'o.  It  is  vrry 
often  possible  to  follow  a  t-oiitractoil  tilirc  ikiwii  to  the  (-(MiK'Ht  lino,  and 
tind  the  cell  on  the  other  side  (d"  the  line  snddenly  narrnwcd  down  t^^ 
the  extendetl  eondition,  as  dcti^'ribed  above.  In  sntdi  a  place  the  eou- 
tracted  tibre  wonld  be  separated  only  by  a  ceincnt  line  from  the 
extended  one.  The  same  thing  is  seen  even  in  ditVerc  iit  ]»arts  of  tiio 
same  cell.  Bands  of  contracted  and  extended  tissne  altt'rnate  with 
one  another,  so  Unit  in  extreme  cases  the  fibre  has  a  mottled  appear- 
ance. This  appearance  is  certainly  jiatholog'ical,  and  it  is,  to  say  the 
least,  strange  to  see  in  the  protoplasm  of  the  same  cell,  two  such 
distinct  histological  conditions  as  extension  and  contraction  of  muscle 
fibres. 

The  breaking  wlii(di  acconi])anies  this  condition  can  be  (dassed  under 
four  headings,  according  to  its  position  and  histological  character: 

1.  BrealvS  o<?cumng  in  the  cement  line. 

2.  Breaks  occumng  in  contracted  muscle. 

3.  Breaks  occumng  in  extended  muscle. 

4.  Breaks  occumng  as  the  result  of  a  degenerative  process,  whose 
initial  stage  is  an  extreme  extension  of  the  muscle. 

AVe  may  then  speak  of  sinqde  fragmentation  and  degenerative  frag- 
mentation. 

Histology  of  simple  fragmentation. 

This  condition  is  known  as  segmentation  when  present  in  the  cement 
lines,  and  as  fragmentation  when  the  breaks  occur  in  the  body  of  the 
cell.  In  segmentation  the  break  takes  place  in  the  centre  of  the  line, 
leaving,  on  either  side  the  ''  stratum  granulosum  terminale,"  to  use  a 
term  introduced  by  Przewoski,*  which  limits'  the  end  of  the  fibre.  In 
the  body  of  the  cell  the  fragmentation  differs  somewhat  according  as 
the  muscle  is  contracted  or  extended. 

(a)  Simple  fraginentation  in  contracted  muscle. — The  break  is 
irregular  and  tends  to  take  a  stair-like  direction  (Plate  XXI,  Fig-  6,  A). 
It  is  usually  a  clear  break  which  passes  across  the  breadth  of  the  fibre. 
It  is  difficult  to  determine  exactly  where  the  fracture  occurs  in  rela- 

*  Przewoski,  Dii  mode  de  reunion  des  cellules  mjocardiaques  de  Thomme 
adiilte,  Archices  des  sdoiiccs  hlologiqiies  de  St.  P'etersbounj,  1S93,  ii,  p.  286. 
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tioii  to  the  fibril  bundles  and  sarcoplasmic  discs.  It  is  certain,  how- 
ever, that  it  is  veiy  close  to,  if  not  actually  in,  Kranse's  membrane.  In 
nearly  eveiy  instance  one  can  make  ont  this  structure  at  the  end  of  the 
broken  fibril  bundle,  so  placed  that  it  limits  the  bundle  and  sarcoplasm 
at  the  line  of  fracture.  The  line  of  Briicke  is  never  seen  at  the 
broken  end  of  the  fibril  bundle,  and  the  tendency  seems  to  be  for  the 
break  to  occur  always  at  Kranse's  membrane.  Further,  it  is  always  at 
right  angles  to  the  long  axis  of  the  fibril  bundles,  that  is  to  say  in  the 
line  of  Kranse's  membrane. 

(h)  Simple  fragmentation  in  extended  muscle. — This  condition  is 
much  more  extensive  than  the  fragmentation  just  described.  There 
seems  to  be  less  resistance  against  the  forces  that  cause  breaking  than 
in  contracted  muscle.  One  often  sees  small  breaks  on  either  side  of 
the  main  one,  and  there  may  even  be  separated  fragments  of  fibril 
bundles  in  the  line  of  fracture.  As  shown  in  Plate  XXI,  Fig.  6,  B, 
there  is  usually  an  area  made  up  of  segments  partially  or  entirely 
broken  off  from  the  fibril  bundles.  Here  also  the  breaking  seems  to 
take  place  at  Kranse's  membrane,  for  all  the  fragments  are  bounded 
by  this  line,  as  represented  in  the  figure  refeiTed  to. 

Histology  of  the  sarcolytic  degeneration   of  fragmentation. 

Thin  sections,  stained  by  the  methods  mentioned  above,  but  par- 
ticularly by  Kolossow's  osmic  acid  method,  show  definite  areas  of  the 
muscle  fibre  from  which  some  of  the  structural  elements  seem  to 
have  disappeared.  These  areas  stain  faintly  as  compared  with  the 
rest  of  the  cell,  and  present  a  more  or  less  marked  dissociation  of  the 
protoplasmic  structure.  Eveiy  gi'adation  can  be  made  out  between 
still  solid  tissue  and  areas  which  are  merely  a  mass  of  detritus. 
This  condition  is  shown  in  Plate  XXI,  Fig.  7,  and  will  be  spoken  of 
as  sarcolytic  degeneration.  When  examined  more  carefully  it  is  seen 
that  those  areas  which  are  least  changed  show  a  great  resemblance  to 
normal  extended  muscle  (Plate  XXI,  Fig.  8,  A).  The  fibre,  or  the 
part  affected,  becomes  somewhat  more  narrow  than  the  normal  tissue, 
and  the  minute  characters  are  the  same  as  those  mentioned  in  the 
description  of  normal  muscle.     The  first  stage  in  the  process,  then,  is 
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one  Avhicli  causes  the  muscle  to  undergo  a  change  siniihir  to  tliat  under- 
gone by  normal  muscle  extension.  A  gradual  transition  can  be  traced 
from  the  primary  stage  to  that  in  which  a  complete  disintegration  of 
the  part  takes  place.  In  some  fibres  the  rows  of  Briicke's  lines  which 
run  across  the  wlioie  cell,  forming  the  broad  striations,  are  more  dis- 
tant from  our  another  than  in  extended  fibres  (Plate  XXI,  Fig.  8,  D). 
This  appearance  suggests  that  a  stretching  out  has  taken  place  Avhich 
is  not  due  to  the  simple  extension  of  the  cells.  In  other  cells  the 
rows  of  broad  striations  become  irregular,  often  drawn  down  at  one 
side,  so  that  they  run  obliquely  instead  of  transversely,  as  shown  in 
Plate  XXI,  Fig.  S,  D.  The  sarcoplasmic  discs  are  correspondingly 
iiTegular  and  appear  only  as  refractive  oval  unstained  bodies,  between 
the  darkly  stained  masses,  as  may  be  seen  in  some  parts  of  Plate  XXI, 
Fig.  7.  In  still  other  fibres  the  lines  of  Brilcke  are  so  irregularly 
placed  that  they  cannot  be  said  to  form  lines  at  all.  They  are  scat- 
tered without  order  over  the  degenerating  area,  and  are  separated  by 
the  sarcoplasmic  discs,  whicb  now  have  no  definite  relation  to  the 
remains  of  the  fibril  bundles.  Some  of  the  discs  have  broken  down, 
leaving  only  a  gi'anular  material.  In  these  areas  the  cell  has  become 
considerably  narrowed,  and  has  the  appearance  of  having  been  very 
much  stretched.  There  are  other  ]')laces  in  the  fibres  where  the 
remains  of  the  fibril  bundles  can,  with  difiiculty,  be  made  out  (Plate 
XXI,  Fig.  9,  A).  Such  areas  show  simply  an  irregular  mass  which 
stains  faintly,  and  is  made  up  of  the  granular  remains  of  broken  down 
sarcoplasmic  discs,  along  with  an  occasional  darkly  staining  fragment 
from  the  disintegrated  fibril  bundles.  These  places  tend  to  become 
nan-ower  in  the  centre  and  show  very  irreg-ular  edges.  It  is  probable 
that  such  a  fibre  would  offer  veiy  little  resistance  to  stretching,  and 
what  appears  to  be  the  last  stage  in  the  process  of  degeneration  is 
often  seen  in  cells  which  are  completely  separated  by  the  breaking 
away  or  absorption  of  this  narrow  central  part  (Plate  XXI,  Fig.  9, 

B)." 

There  thus  seems  to  be  a  definite  process  of  degeneration,  which 
begins  with  an  extension  of  the  fibre,  and  ends  in  its  disintegration 
and  separation  into  fractions.     It  seems  certain  that  this  is  a  definite 
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pathological  process,  presenting  several  stages  in  its  course.  These 
several  stages,  although  nnniing  imperceptibly  into  one  another,  may 
he  grouped  in  the  following  way: 

1.  Simple  extension  of  the  fibre  or  part  of  the  fibre,  with  a  length- 
ening and  narrowing  of  the  part. 

2.  Stretching  of  the  fibre,  with  the  production  of  irregiilarities  in 
the  rows  of  striations  on  the  fibril  bundles,  and  changes  in  the  rela- 
tions of  the  sarcoplasmic  discs  to  the  fibril  bundles. 

3."  A  condition  of  still  greater  irregiilarity  in  the  distribution  of  the 
fragments  of  fibril  bundles,  accompanied  by  a  disappearance  of  some 
of  them. 

4.  A  disappearance  of  all  the  remains  of  the  fibril  bundles,  leaving 
only  a  mass  of  partly  broken-down  sarcoplasmic  discs. 

5.  Complete  disintegration  with  a  breaking  across  of  the  area. 

The  exact  relation  between  this  process  and  the  simple  fragmenta- 
tion in  the  contracted  and  extended  muscle,  and  segmentation,  is  not 
clear.  The  various  conditions  occur  in  the  same  muscle,  and  indeed 
are  nearly  always  seen  in  the  same  section,  so  that  they  are  obviously 
closely  connected.  The  simple  breaks,  especially  those  in  contracted 
muscle,  do  not  differ  materially  from  fractures  which  are  sometimes 
caused  artificially,  for  example  in  the  process  of  sectioning.  Histologi- 
cally they  resemble  mechanical  breaks.  In  the  extended  fibre,  frag- 
mentation seems  to  be  a  more  serious  condition;  for,  as  described  above, 
the  extension  occurs  in  an  abnormal  way.  In  normal  muscle,  one 
does  not  find  the  curious  alternation  of  extended  and  contracted  fibres 
which  is  characteristic  of  this  condition.  Breaking  is  more  common 
in  extended  fibres  than  in  contracted  ones,  and  this  would  in  all  proba- 
bility be  the  case  if  both  were  caused  by  mechanical  forces. 

In  degenerative  fragmentation,  on  the  other  hand,  the  disintegration 
is  apparently  a  more  or  less  gradual  process.  When  the  various  states 
are  present  together,  one  does  not  hesitate  to  say  that  the  degenerative 
process  is  the  main  lesion.  It  is  a  much  more  extensive  change  than 
the  othei's.  In  a  great  many  of  the  specimens  examined,  it  was  foimd 
in  every  cell  in  the  section,  and  sometimes  in  two  or  more  places  in 
the  same  cell,  as  shown  in  Plate  XXI,  Figs.  7  and  8.     It  was  foimd 


Jnllll     rinicc     M;|r(  'jilllllll  419 

ill  pr;u'ti{';i]l_v  nil  tluM'jisos  of  fi'jiiiiiiciihit  ioii  wliicli  were  (■xiiiiiiiicd,  iiiul 
ill  tli(^  liveat  111:1  jdvity  of  cnses  Avas  the  most  conspicuous  Icsidii,  wlien 
looked  for  with  high  powei-s.  The  siiii])l('  hreaks,  although  sonictinies 
verv  numerous,  seem  to  be  an  aecessorv  lesion.  AVith  sucli  an  exten- 
sive proceSvS  of  degeneration  as  that  described,  it  is  certain  that  much 
of  the  muscle  would  be  incapable  of  carrying  itnt  its  functions.  In. 
such  an  event,  a  great  deal  of  extra  work  and  strain  would  be  thrown 
on  the  remaining  healthy  muscle.  It  is  conceivable  that  this  unusual 
strain  might  cause  such  simple  breaks  as  those  described.  A  mechani- 
cal explanation  like  this  is  supported  by  the  fact  that  in  some  cases  of 
fibrous  myocarditis,  where  there  is  a  great  deal  of  muscle  thrown  out 
of  function,  there  is  seen  a  simple  breaking  which  resembles  in  every 
particular  that  described.  If  this  be  true,  the  main  lesion  in  fragnnen- 
tation  of  the  myocardium  is  a  degenerative  process,  the  sarcolytic 
degeneration  described,  while  the  simple  breaks  in  the  various  loca- 
tions are  mechanical  results  of  the  unusual  strain  thrown  on  the  muscle 
which  remains  undegenerated. 

If  the  entire  condition  of  fragmentation  is  due  to  unfavorable 
changes  in  the  nutrition  of  the  cells,  it  is  difficult  to  imagine  that 
simple  breaks  could  be  caused  in  this  way.  The  alternating  contracted 
and  extended  fibres  might,  however,  arise  from  such  a  condition,  al- 
though the  exact  manner  in  which  this  could  occur  is  far  from  clear. 
AVhether  the  changed  nutrition  renders  certain  parts  of  the  fibre  in- 
capable of  responding  to  a  stimulus;  or  whether  it  acts  as  a  stimulus  to 
other  parts,  leaving  the  areas  between  in  an  extended  condition,  can 
only  be  the  subject  of  hypothesis.  The  degenerative  process,  liow^- 
ever,  must  be  due  to  some  definite  nutritive  change,  and,  if  this  be  so, 
the  most  plausible  explanation  of  the  simple  breaks  is  a  mechanical 
one. 

MUSCLE-CELL  DEGENERATIOlSr  FOUND  IN  FIBROUS  MYOCARDITIS. 

Huchard  *  describes  the  muscle-cell  in  fibrous  myocarditis  as  un- 
dergoing atrophy,  and  vesicular  or  vacuolar  transformation.  Both 
conditions  are  found  at  the  periphery  of  the  islands  of  muscle  which 

*  H.  Huchard,  Etude  cliniqiie  de  la  cardio-sclerose,  Revue  de  Medecine,  1S92, 
xii,  421  et  seq. 
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are  formed  by  the  connective  tissue  growth.  In  vacuolar  transforma- 
tion the  muscle-cells  appear  emptv  in  the  centre  so  that  in  transvei*se 
section  they  have  a  ring-like  appearance.  In  a  later  stage  the  cell  dis- 
sociates. According  to  Huchard,  this  vacuolar  degeneration  is  noth- 
ing more  than  an  oedema  of  the  cardiac  fibre. 

According  to  Bard  and  Philippe,"  the  intei*stitial  gTOwth  of  con- 
nective tissue  is  mainly  around  the  vessels.  The  muscle  fibres  undergo 
a  ''  fraginentaiy  degeneration  "  and  there  is  an  increase  in  the  pigment. 

There  are  generally  recognized  in  fibrous  myocarditis  two  processes, 
the  disappearance  of  muscle-cells,  and  the  overgrowth  of  newly  formed 
connective  tissue.  The  latter  process,  which  is,  as  pointed  out  by 
Weigert,  probably  a  secondaiy  one  compensating  for  the  loss  of  the 
more  highly  differentiated  muscle-cells,  consists  in  a  proliferation  of 
connective  tissue  from  the  already  formed  tissue  cells.  Its  main 
growth  seems  to  be  from  the  connective  tissue  of  the  blood-vessels. 
These  areas  appear  as  localized  patches,  or  strands  of  gTayish  tissue 
scattered  over  the  muscle,  and  may  be  the  seat  of  calcification. 

In  a  cross  section  of  a  fibrous  patch  one  sees  islands  of  muscle  fibres, 
separated  by  the  ingrowing  connective  tissue.  At  the  peripher^^  of 
these  islands,  there  are  always  to  be  seen  cells  which  appear  with  the 
low  power  to  be  empty  in  the  centre,  as  Huchard  has  said.  With  a 
higher  magnification,  however,  these  cells  show  all  stages  of  a  very 
definite  process  of  degeneration. 

Appearances  met  witli  in  cross  section. — When  compared  with  the 
normal  tissue,  there  are  some  cells  in  which  the  central  undiiferen- 
tiated  sarcoplasm  is  somewhat  increased.  This  sarcoplasm,  like  that 
in  normal  cells,  consists  of  small  discs.  In  other  cells,  a  large  mass 
of  these  discs  is  present  in  the  centre,  suiTounded  by  a  veiy  much  di- 
minished number  of  fibril  bundles.  This  mass  is  usually  quite  irregu- 
lar in  form  but  its  position  is,  roughly  speaking,  in  the  centre  of  the 
cell.  One  also  finds  cells  where  there  is  only  a  single  row  of  fibril 
bundles  around  the  periphery  while  the  rest  of  the  cell  is  made  up  en- 
tirely of  sarcoplasmic  discs  (Plate  XXII,  Fig.  10,  A).  Another  ap- 
pearance often  met  with  is  shown  in  Plate  XXII,  Fig.  11,  where  the 

*  L.  Bard  and  CI.  Philippe,  De  la  myocardite  iiiterstitielle  cliroiiique,  ibid.. 
1891,  xi,  345. 
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filii'il  liuiuUcs  liavc  entirely  (li>a]t|ie;ii'e<l,  leaxiiiu  niily  the  dises.  The 
mieh'iis  of  a  eell  at  this  staii'c  is  liciierally  aluKiniial  also.  It  sliows 
irregularities  in  outline  and  an  abnormal  distribntion  of  the  chromatin. 
In  vcrv  severe  oases,  the  sarcoplasmic  discs  themselves  tend  to  break 
down  and  become  irregtdar.  This  was  i)articidarly  noticed  in  a  heart 
in  which  the  tibrons  areas  liad  become  hai'd  and  intiltratecl  with  inor- 
ganic material.  As  shown  in  Plate  XXII,  Fig.  12,  these  cells  l>ecome 
very  small,  and  are  markedly  different  from  the  nearly  normal  cell  in 
the  same  ligiire.  There  are  sometimes  seen,  as  shown  in  Fig.  10,  B, 
large  spaces  in  the  cell.  These,  however,  are  not  constantly  present, 
and  are  not  a  part  of  the  process  described. 

Appearances  met  icith  in  longitudinal  section. — In  longitudinal  sec- 
tion one  finds  a  strnctnre,  which  corresponds  veiy  closely  with  that 
described  in  cross  section.  There  are  cells  which  present  only  peri- 
pherally disposed  fibril  bundles,  and  show  a  marked  increase  in  the 
central  perinnclear  sarcoplasm.  Here,  also,  is  particnlarly  well  seen 
the  great  increase  in  pigment  aronnd  the  nuclens.  As  represented  in 
Plate  XXII,  Fig.  13,  other  cells  are  found  which  show  no  fibril  bun- 
dles at  all.  They  are  made  np  entirely  of  sarcoplasmic  discs,  with  a  con- 
siderable amount  of  pigment  near  the  nucleus.  The  connective  tissue, 
which  surrounds  these  fibres,  presses  closely  upon  them,  and  it  is  some- 
times difiicult  to  say  where  the  muscle  stops,  and  the  connective  tissue 
begins.  Muscle-cells  similar  to  this  but  much  smaller  are  also  seen 
(Plate  XXII,  Fig.  1-4).  The  pigment  is  still  abundant,  and  the  cell 
itself  has  become  spindle-shaped,  owing,  perhaps,  to  the  pressure  of  the 
connective  tissue.  'Its  structure  is  in-egular  and.  the  discs  show  signs  of 
breaking  up.  Finally,  one  sees,  as  represented  in  Plate  XXII,  Fig. 
15,  long  spindle-shaped  spaces  in  the  connective  tissue,  which  contain 
only  the  muscle  pigment  surrounded  sometimes  by  the  remains  of  the 
cell  protoplasm. 

It  will  be  seen  from  the  above  objective  description,  that  there  is  in 
the  heart-muscle  of  fibrous  myocarditis  a  degeneration  which  runs  a 
definite  course.  The  normal  muscle-cell,  which  is  almost  entirely 
filled  with  fibril  bundles,  undergoes  a  change  which  begins  with  those 
most  centrally  placed.     The  process  of  disintegTation   and  solution 
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goes  on  from  within  ont,  until  there  is  left  only  a  single  row  of  fibril 
bundles  at  the  periphery  of  the  cell.  There  are  often  gi-eat  irregu- 
larities in  the  disappearance  of  the  fibril  bundles,  but  the  general  ten- 
dency is  for  them  to  disappear  first  in  the  central  part  of  the  cell.  At 
a  later  stage  the  peripherally  situated  fibril  bundles  become  small  and 
disa]i]iear,  leaving  a  cell  which  consists  only  of  sarcoplasmic  discs,  or 
what  corresponds  to  the  so-called  undifferentiated  sarcoplasm.  Such 
a  cell  is  usually  more  or  less  rhomboidal,  but,  as  the  process  goes  on 
further,  it  becomes  distinctly  spindle-shaped.  The  size  diminishes 
gradually,  until  finally  there  is  nothing  left  but  the  detritus  and  a 
greatly  increased  amount  of  pigment. 

Such  a  process  as  this  means  little  in  itself,  but  if  it  be  considered  in 
connection  with  the  process  of  histogenesis  which  has  been  described, 
there  seems  to  be  a  most  interesting  relation  between  them.  It  will 
be  remembered  that  the  cardiac  cell  appears  first  as  a  spindle-shaped 
stnicture,  containing  an  irregular  network,  which  tends  to  become 
more  regular  as  the  development  goes  on.  Seen  in  cross  section,  it 
presents  a  number  of  discs  Avhich  were  spoken  of  as  sarcoplasmic  discs. 
Some  of  these  break  up  into  smaller  ones,  and  between  them  there  is 
an  accumulation  of  the  network  to  form  filn-il  ])undles.  These  fibril 
bundles  form  first  at  the  periphery  of  the  cell,  and  gradually  develop 
toward  the  centre  until  the  fibre  is  complete.  It  will  be  noticed  that 
the  last  structures  to  develop  are  the  fibril  bundles  at  the  centre  of  tlie 
cell,  and  as  described  al)Ove  the  first  structures  to  degenerate  are  fibril 
bundles  in  this  same  central  position.  The  degeneration  goes  from 
the  centre  out,  wdiile  the  development  has  occuiTcd  from  the  periphery' 
in.  One  very  marked  stage  in  the  histogenesis  is  that  in  which  the 
cells  have  a  single  row.  of  fibril  bundle  around  the  periphery,  and  ex- 
actly the  same  stage  is  observed  in  the  degeneration.  Even  in  the 
later  stages  of  the  degeneration  the  cells  show  a  marked  resemblance  to 
the  earlier  stages  of  development.  The  earliest  developmental  stage 
shows  a  spindle-shaped  cell  with  simple  sarcoplasmic  discs,  while  one 
of  the  later  stages  of  the  degeneration  could  be  described  in  much  tlie 
same  way.  In  short,  the  process  of  degeneration  is  approximately  a 
reversal  of  the  developmental   process.     The  first  structures  to  be 
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foniicd  arc  the  last  to  dciicncralt',  and  the  Inst  ones  to  d('V('l<>i>  arc  the 
tirst  to  disapprar.  Altlioiiuli  il  lias  to  do  with  tlic  internal  strnetiire 
(if  a  eell,  this  pi'oeess  is  a  striking-  example  of  a  principle  which  seems 
to  h(dd  ill  a  number  of  instances,  namely,  that  the  most  hi<>hl_v  differ- 
entiated tissues,  or  ])arts  of  an  orii'an,  tend  to  degenerate  first. 

In  eoiu'hision,  I  wish  to  thank  Dr.  Fle.xner  for  tlie  kind  interest 
which  he  has  taken  in  this  study,  and  for  his  many  helpful  suggestions. 
1  am  also  indebted  to  Mv.  Eggers  of  this  laboratory  for  the  care  with 
which  he  has  prepared  photographs  for  me. 

DESCEIPTIOX    OF    PLATES    XXI    AND    XXII. 

Plate  XXI. 

Fig.  1.  Longitudinal  section  of  normal  adult  human  heart  muscle. 
S,  sarcoplasmic  discs;  F,  fibril  bundles;  K,  Krause's  membrane;  A,  the  junc- 
tion of  two  sarcoplasmic  discs. 

Fig.  2.  Transverse  section  of  normal  adult  human  heart  muscle.  »S',  sar- 
coplasmic discs;  C,  central  sarcoplasmic  mass;  F,  fibril  bundles:  A,  junc- 
tion of  two  sarcoplasmic  discs.  The  section  is  through  a  part  of  the  ceil, 
either  above  or  below  the  nucleus. 

Fig.  3.  Transverse  section  of  heart-muscle  cells  from  a  pig  embryo  10  mm. 
long.     <S',  sarcoplasmic   disc. 

Fig.  4.  Transverse  section  of  heart-muscle  cells  from  a  j^ig  embryo 
20  mm.  long.     F,  fibril  bundles;  8,  sarcoplasmic  disc. 

Fig.  5.  Longitudinal  section  of  parts  of  two  cardiac  inuscle  cells  sepa- 
rated by  a  cement  line.     A  is  extended,  B  contracted  muscle. 

Fig.  6.  Longitudinal  section,  showing  a  break  in  the  contracted  muscle 
in  -1  and  a  break  in  the  extended  fibre  in  B. 

Fig.  7.  Microphotograph  of  longitudinal  section  of  heart  muscle  show- 
ing the  degeneration  of  fragmentation,     xtoo. 

Fig.  8.  Longitudinal  section  of  heart  muscle  showing  the  earlier  stages 
of  degeneration.     A.  extended  muscle;  B,  degenerated  area;  C,  cement  line. 

Fig.  9.  Longitudinal  section  of  heart  muscle,  presenting  later  stages  of 
degeneration.     The  fibre  B  is  broken  across  as  a  result  of  the  degeneration. 

Plate  XXII. 

Fig.  10.  Transverse  section  of  degenerating  muscle  fibres  in  fibrous 
myocarditis.  A,  cells  in  which  the  peripheral  fibril  bundles  remain.  The 
rest  of  the  cell  is  made  up  of  sarcoplasmic  discs.  B,  a  cell  which  shows 
large  spaces  or  vacuoles. 

Fig.  11.  Transverse  section  of  degenerating-  muscle  fibres  in  fibrous  myo- 
carditis. The  cells  at  the  edge  are  normal:  the  central  one  has  lost  all  its 
fibril  bundles. 
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Fig.  12.  Transverse  section  of  an  area  of  heart  muscle  infiltrated  with 
inorganic  material  in  a  case  of  fibrous  myocarditis.  A,  connective  tissue 
replaced  partly  by  inorganic  material.  At  the  left  hand  of  the  figure 
muscle  cells  are  shown  in  various  stages  of  degeneration. 

Figs.  13,  14  and  15.  Longitudinal  sections  of  degenerating  fibres  in 
fibrous  myocarditis.  The  fibril  bundles  have  all  disappeared.  In  14  the 
cell  has  become  somewhat  spindle-shaped,  and  in  15  only  the  pigment 
granules  and  a  suggestion  of  sarcoplasin  remain. 
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cn/rrRKs  fiu):\i  the  blood  ix  septicemia,  pxeu- 

MOXIA,  MEXIXGITIS  AXD  CHROXIC  DISEASES. 

By  franklin  WARREN   WHITE,   M.  D. 
(^?"roin  (he  Pathological  Laboratorij  of  the  JfassachuHettx  General  Ilospilal.) 

The  value  and  sig'iiiiicance  of  baetcriolocical  exaniinatioij  of  the 
blood  are  so  evident  that  many  observations  bv  this  method  have  been 
made  in  the  last  twenty  years  in  an  endeavor  to  throw  light  on  the 
etiology  and  course  of  infections  diseases.  The  object  of  such  inves- 
tigations is  not  wholly  theoretical,  but  is  also  practical  as  a  means  of 
diagnosis,  prognosis,  and,  jwssibly,  treatment.  The  results  obtained 
have  been  varied  and  contradictory,  which  is  probably  due  in  part  to 
faulty  methods.  The  old  method  of  pricking  the  skin  and  using  a 
few  drops  of  blood  for  culture  has  the  disadvantage  that  too  small  an 
amount  of  blood  is  used  to  find  the  bacteria  if  they  are  few  in  number, 
and  that  it  involves  great  danger  of  contaminating  the  cultures  with 
bacteria  from  the  skin.  The  later  method  of  aspiration  of  a  superficial 
vein  by  cannula  or  sterile  svringe  has  the  advantage  of  furnishing  a 
satisfactory  amount  of  blood  for  examination  and  lessening  the  dan- 
gers of  contamination.  The  method  of  Petnischky  (47),  namely, 
blood-letting  by  means  of  a  wet  cup,  is  more  complicated  and  less 
satisfactory  than  the  latter  method.  Direct  animal  inoculation  with 
blood  from  a  patient,  as  used  by  Petruschky  and  others,  is  not  always 
reliable  as  compared  with  cultures  on  suitable  media. 

Until  recently  post-mortem  findings  have  been  considered  of  equal 
significance  with  intra-vital  ones,  but  there  is  no  question  that  cul- 
tures during  life,  in  spite  of  incompleteness  of  methods,  furnish  a 
better  indication  of  general  blood  invasion  during  disease  than  autopsy 
reports,  as  the  latter  do  not  exclude  agonal  and  post-mortem  inva- 
sions. Wyssokowitsch  (62),  as  a  result  of  his  studies  on  the  filtering 
of  bacteria  out  of  the  blood  by  the  liver  and  kidneys,  stated  that  in 
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any  ordiiiarv  course  of  infection  the  invading  bacteria  would  be  so 
quickly  and  completely  separated  from  the  blood  that  there  would 
be  very  small  chance  of  finding  them  by  methods  of  blood  culture. 
Many  other  obsen'ers,  on  the  contrary,  have  found  bacteria  in  the 
blood  in  a  large  percentage  of  cases  examined  and  have  probably  over- 
estimated the  significance  of  these  results  and  the  value  of  blood 
cultures  as  a  means  of  diagnosis  in  infectious  diseases. 

Our  own  observations  extend  over  a  series  of  92  cases,  consisting  of 
18"  cases  of  severe  sepsis,  19  cases  of  lobar  and  lobular  pneumonia  due 
to  the  pneumococcus,  8  cases  of  epidemic  cerebrospinal  meningitis, 
37  cases  of  severe  chronic  disease,  and  10  miscellaneous  fatal  cases. 
Cultures  were  made  during  life,  usually  in  the  later  stages  of  disease, 
and  in  many  of  the  cases  as  soon  as  possible  after  death  (one-half 
hour).  The  cultures  in  cases  of  septicaemia,  pneumonia  and  men- 
ingitis were  made  in  order  to  find  out,  if  possible,  how  frequently,  in 
addition  to  toxine  absorption,  the  blood  was  invaded  by  the  specific 
organism  of  the  disease;  also  the  time  of  occurrence  of  such  general 
invasion,  and  its  relation  to  mortality. 

In  the  cases  of  chronic  disease  the  cultures  were  made  both  before 
and  after  death  to  determine  the  frequency  of  general  blood  invasion 
in  the  late  stages  of  disease,  and  during  the  last  few  hours  of  life — 
the  so-called  "  terminal  infections  "  and  "  agonal  infections." 

2Iet]iods. — The  blood  was  obtained  during  life  as  follows:  The  skin 
about  the  elbow  was  carefully  scrubbed  with  soap,  water,,  alcohol  and 
ether  and  a  tight  l^andage  was  tied  around  the  upper  arm  to  distend  the 
veins  about  the  elbow.  One  of  the  large  superficial  veins  was  aspirated 
with  a  sterile  glass  syringe  (an  ordinary  glass  antitoxin  syringe,  with 
asbestos  packing  and  a  two-inch  needle  of  rather  small  bore,  was  used) 
and  5  cc.  of  blood  withdrawn.  The  aspiration  was  rendered  practically 
painless  by  use  of  an  ethylchloride  spray;  0.5  ce.  of  the  blood  was  forced 
directly  from  the  syringe  into  each  of  eight  tubes  of  agar,  kept  fluid  at 
the  bedside  at  a  temperature  of  12°  C.  The  blood  was  thoroughly  mixed 
Avith  the  agar  and  four  of  the  tubes  slanted  and  cooled.  The  other  four 
were  plated.  Two  bouillon  tubes  were  each  inoculated  Avith  0.5  cc.  of 
the  blood.  The  plates  and  tubes  were  kept  in  the  thermostat  at  body 
temperature  and  examined  at  intervals  for  several  days. 
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Hlood  was  (il)taiiu'(l  alter  death  liv  as|)iratioii  nf  tlic  licaiL  The  skin 
was  prepared  in  the  same  inaiiiier  as  during  life  and  the  same  syringe 
used,  with  a  longer  (3^  inch)  needle,  which  was  thrust  through  the  Ith 
costal  interspace  close  to  the  sternum  (to  avoid  the  lung)  intcj  the  right 
or  left  ventricle  of  the  heart  and  o  cc.  of  l)lood  withdrawn  and  planted 
in  cultures  as  Just  descrihed.  As  the  needle  in  this  method  passes 
tiirough  the  pericardial  and  probably  the  pleural  cavity  on  tlie  way  to 
the  heart,  blood  was  taken  after  death  only  in  cases  where  these  cavities 
were  not  infected.  One  to  three  s]:)ecimens  of  blood  were  taken  in  each 
case.  The  time  of  taking  the  l)lood  was  from  10  days  before  to  one- 
lialf  hour  after  death  in  the  fatal  cases,  or  at  intervals  of  several  days 
during  the  height  of  disease  in  the  cases  which  recovered. 

The  bacteria  found  in  the  cultures  were  identified  l)y  microscopical  ex- 
amination, growth  on  various  media  and  a  com])arison  with  the  or- 
ganisms foimd  in  metastases  or  at  auto])sy.  In  the  large  nundier  of  cul- 
tures made  contaminations  were  relatively  few  and  easilj'  recognized  by 
their  distribution  and  character  of  growth  on  the  media. 

I. SEPTIC-EillA.       PXET*MOXIA.       MEXIXGITIS. 

Before  descril^ing  our  own  results  we  will  briefly  review  the  more  im- 
portant previous  work  on  these  subjects.  Septicaemia  has  furnished  a 
fruitful  field  for  observation. 

Garre  {2o).  Rosenbach  (51),  Brunner  (10),  and  Blum  (T)  report  single 
positive  results  of  blood  cultures  in~caBes  of  septica^nia.  A  few  drops 
of  blood  were  taken  during  life  by  pricking  the  finger.  Brieger  (9)  in 
six  severe  cases  of  puer})eral  sepsis  took  blood  from  a  vein  during  life 
and  obtained  in  each  negative  results.  Czerniewski  (16),  using  blood 
from  finger  and  vein,  in  3T0  cultures  from  37  cases  of  puerperal  sepsis 
olitained  positive  results  in  only  15  tubes  from  10  cases;  all  the  severe 
cases  gaye  pure  cultures  of  streptococci.  Sanger  (52)  found  staphylo- 
cocci in  blood  taken  from  a  vein  in  four  cases  of  sepsis. 

Later  observers  urged  the  necessity  of  using  larger  c{uantities  of  blood 
(1  to  5  cc.)  for  cultures  owing  to  the  small  number  of  bacteria  present 
in  the  blood.  The  method  of  venous  aspiration  with  a  syringe  was  in- 
troduced with  varying  results.  Blum  found  Staphylococcus  albus  in 
two  cases  of  sepsis  several  days  before  death.  Canon  (11),  in  addition 
to  positive  results  in  -10  out  of  ?0  cases  of  sepsis.  pya?mia,  and  osteomye- 
litis, where  blood  was  taken  several  hours  after  death  from  an  arm  vein, 
obtained  11  positive  results  in  17  of  these  cases  during  life,  usually  2  or 
3  days  before  death  in  fatal  cases.  He  believes  that  bacteria  are  present 
in  the  blood  of  almost  all  cases  of  sepsis  in  the  late  stages  of  disease, 
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and  grow  and  increase  in  the  l)lood  in  some  cases.  Microli  (39)  found 
Staphylococcns  pyogenes  albns  in  each  of  his  four  cases  of  septicaemia 
dm-ing  life.  Parascandolo  (46)  examined  eight  cases  of  pya?mia  and 
found  pyogenic  streptococci  in  blood  during  life  in  each.  Hirschlaff 
(31)  in  eight  cases  of  local  and  general  sepsis  found  staphylococci  or 
streptococci  in  seven.  Sittmann  (53)  found  staphylococci  or  streptococci 
in  each  of  nine  cases  of  septico-pya?mia  from  six  hours  to  fifteen  days 
before  death,  and  believes  that  pus  organisms  are  always  present  in  the 
blood  in  such  cases,  and  that  blood  cultures  are  the  surest  means  of  diag- 
nosis. He  concludes  that  Canon's  observation  that  streptococci  are 
found  in  the  blood  only  a  few  daj's  before  death  was  due  to  faulty 
methods. 

In  contrast  to  these  abundant  positive  findings  other  observers  using 
larger  amounts  of  blood  and  better  methods  have  found  specific  bacteria 
present  in  the  blood  in  a  smaller  percentage  of  their  cases.  After  al- 
lowing for  individual  differences  in  patients,  the  suspicion  of  contami- 
nation in  the  earlier  cases  is  inevitable.  Many  of  the  observers  have 
not  taken  into  consideration  the  demonstration  by  Welch  (58)  of  the  fre- 
quent, if  not  constant,  presence  in  the  deeper  layers  of  the  epidermis 
and  in  the  glandular  appendages  of  the  skin  of  the  white  staphylococcits 
and  of  the  inability  to  destroy  this  organism  by  ordinary  methods  of  cu- 
taneous disinfection.  Welch  has  called  attention  to  the  absence  of  diag- 
nostic significance  attaching  to  the  demonstration  of  ordinary  cutaneous 
bacteria,  particularly  white  staphylococci,  in  blood  withdrawn  by  cutting 
or  pricking  the  skin. 

It  is  interesting  to  note  that  Petruschky  (4T)  using  a  rather  objection- 
able method,  obtaining  the  blood  for  cultures  l)y  means  of  wet-cupping, 
in  59  cases  of  sepsis  obtained  only  IT  positive  results:  streptococci  15 
times,  staphylococci  twice.  Neumann  (42)  in  5  cases  of  pyiemia,  using 
large  amounts  of  l)lood  from  an  arm  vein,  obtained  negative  results. 
E.  Grawitz  (2G)  in  T  cases  of  endocarditis  found  pyogenic  cocci  in  the 
blood  only  once.  Kraus  (33)  in  88  cases  of  infectious  disease  (puerperal 
fever,  endocarditis,  tuberculosis)  found  staphylococci  or  streptococci  in 
the  blood  in  17  cases.  In  a  second  series  of  104  cases  of  infectious  dis- 
ease using  a  pointed  bent  hollow  needle  and  taking  the  blood  directly 
from  the  vein  to  the  culture  media,  he  obtained  only  12  positive  results; 
22  of  these  cases  were  septicaemia,  erysipelas  and  endocarditis,  and  these 
gave  7  positive  results.  He  emphasizes  the  fact  that  positive  blood  cul- 
tures to  be  of  diagnostic  value  must  be  of  "■  specific  bacteria,"  whose 
nature  excludes  the  possibility  of  their  being  contaminations.     Kiihnau 
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(34),  usinii"  10  vv.  (if  lilddd  taki'U  IVom  a  vein  tlii-(iu;:li  a  cannula  directly 
to  the  culture  media,  in  I")  eases  of  septieaMnia  and  leeal  |iiirulent  in- 
fections obtained  4  positive  results,  and  in  7ti  cases  of  endocarditis  2 
positive  results.  Tu  a  eonsideralde  nunilier  of  cases  he  made  cultures 
of  blood  iibtained  by  the  nld  nietluxl  of  pricking  the  tinker,  as  well  as 
by  aspiration  of  a  vein.  The  results  obtained  furnish  an  interesting 
commentary  on  the  unreliability  of  the  earlier  method.  In  23  cases 
of  septico-pyaMuia  three  positive  results  were  obtained  l)y  the  venous 
aspiration  method;  in  18  of  these  cases  the  finger  blood  was  examined, 
in  12  staphylococci  were  found.  In  18  cases  of  idcerative  endocarditis, 
Staphylococcus  pyogenes  aureus  was  found  once  in  venous  blood,  while 
bacteria  were  found  11  times  in  the  finger  blood.  Hewelke  (30),  in  ex- 
amining febrile  cases  of  phthisis,  found  pus  organisms  in  blood  from  the 
finger  in  14  cases  out  of  27,  and  3  times  out  of  27  where  the  l)lood  was 
taken  by  puncture  of  a  vein. 

In  contradiction  to  the  belief  of  these  last-named  authors,  that  even  in 
severe  septic  cases  only  a  relatively  small  number  of  bacteria  circulate  in 
the  blood,  is  the  statement  of  N"ocard  (43)  that  directly  after  taking  food 
an  abundant  passage  of  bacteria  occurs  from  the  intestinal  canal  to  the 
blood  by  means  of  the  chyle.  This  was  confirmed  by  Desoubry  and 
Porcher  (17)  in  experiments  upon  dogs.  A  number  of  clinicians  have 
considered  the  intestine  the  starting  point  of  bacteria  in  various  infec- 
tions through  the  blood.  Tavel  (55)  in  strumitis,  A.  Czerny  (15)  in 
certain  skin  diseases,  Posner  and  Lewin  (48)  in  ''  cryptogenetic  septi- 
ca?mia,''  and  Fischl  (18)  in  septicaemia  in  infants.  The  passage  of  bac- 
teria into  the  blood  by  means  of  the  chyle  has  been  disproved,  however, 
by  the  later  work  of  Xeisser,  Kiihnau  and  others.  Neisser  (40)  investi- 
gated the  chyle  of  large  dogs  by  tying  a  cannula  in  the  thoracic  duct 
and  found  it  uniformly  sterile  even  after  feeding  the  dogs  abundantly 
with  bacteria.  Kiilinau  ol)tained  a  similar  result  in  five  dogs.  Neisser 
found  the  mesenteric  glands  of  large  animals  sterile.  Fodor  (20)  has 
shown  that  the  blood  of  normal  animals  is  sterile  and  Meissner  (37)  and 
Hauser  (28)  that  the  organs  are  sterile. 

Blood  cultures  made  in  cases  of  pneumonia  by  several  authors  indicate 
that  a  general  blood  invasion  by  the  pneumococcus  occasionally  occurs 
during  life.  Belfanti  (4)  in  ''  many "'  cases  (number  not  given)  ob- 
tained 6  positive  results;  five  of  these  proved  fatal.  Boulay  (8)  of  four 
cases  found  pneumococci  in  two  a  few  hours  after  death.  Friedlander 
(23)  in  6  cases  had  one  positive  result.  Sittmann  (53)  in  16  cases  ob- 
tained 6  positive  results  (in  2  of  which  pneumococci  were  found  only 
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in  stained  specimens  of  blood,  not  in  cultures).  Of  the  18  negative 
cases  2  died;  of  the  6  positive  cases,  4  died.  The  positive  results  were 
obtained  from  one  to  seventeen  days  before  death  in  the  fatal  cases. 
Kraus  (33)  in  12  severe  cases  of  pneumonia  found  the  pneumococcus 
once,  one  day  before  death;  of  11  negative  cases  10  recovered.  Kohn 
(32)  in  32  cases  found  pneumococci  in  the  blood  of  9:  7  of  the  positive 
cases  died  and  2  recovered  after  metastatic  pneumococcus  infections;  of 
13  negative  cases,  8  recovered.  Excluding  two  cases  dying  of  complica- 
tions, we  find  that  a  considerable  majority  of  the  negative  cases  recovered 
and  of  the  positive  cases  died.  He  concludes  that  the  presence  of  pneu- 
mococci in  the  blood  gives  a  very  unfavorable  prognosis.  The  positive 
results  were  obtained  only  24  to  48  hours  before  death  in  the  fatal  cases. 
Kiihnau  in  9  severe  cases  found  pneumococci  in  two  cases,  both  fatal. 
iVnother  fatal  case  was  negative. 

An  epidemic  of  cerebrospinal  meningitis  was  in  progress  at  the  time 
of  our  blood  investigation  and  cultures  were  made  in  eight  cases. 
Weiehselbaum  (•")?).  Xetter  (41),  Heubner  (29),  Councilman  (14)  and 
others  have  studied  the  disease  and  do  not  find  the  specific  organism. 
Diplococcus  intracellularis,  at  autopsy,  except  in  connection  with  the 
lesions  of  the  disease,  and  conclude  from  post-mortem  cultures  of  the 
blood,  liver,  spleen,  and  kidneys  that  it  never  produces  septicfpmia.  The 
al)dominal  and  thoracic  organs  are  frequently  found  sterile  at  autopsy.* 

My  own  observations  embrace  18  cases  of  severe  sepsis  (7  appt-ndi- 
citis  with  general  peritonitis,  2  phlegmon  of  leg,  2  septic  wounds,  1 
osteomyelitis,  1  suppurative  periostitis,  1  suppurative  nephritis,  1 
facial  erysipelas,  1  abscess  of  the  appendix,  1  empyema),  all  of  which 
were  fatal,  and  eight  of  which  were  autopsied.  They  are  chiefly  cases 
of  severe  local  septic  infection  without  formation  of  metastatic  ab- 
scesses, only  one  case  being  pyaemic.  In  the  18  cases,  37  blood  cul- 
tures were  made  and  specific  bacteria  were  found  in  the  blood  during 
life  only  four  times — Streptococcus  pyogenes  in  pure  culture  three 
times  and  Staphylococcus  pyogenes  aureus  in  pure  culture  once.  AVe 
give  a  brief  description  of  the  four  positive  cases: 

*  Since  the  completion  of  this  article  Gwyn  {Bulletin  of  the  Joints  Hopkin.^ 
Hospital,  1899,  x.  112)  has  reported  a  ease  of  epidemic  cerebrospinal  menin- 
gitis in  which  during-  life  he  obtained  in  pure  culture  Diplococcus  intracel- 
lularis meningitidis,  not  only  from  fluid  withdrawn  by  lumbar  puncture, 
but  also  from  the  blood  and  from  the  fluid  aspirated  from  an  inflamed  joint. 
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f'nsr  I. — I'hleo;nion  of  l)()th  k'>is  i'(illi)\viii;'-  iiiii|>ut;iti(tn  <>!'  IVcl.  ('iil- 
turo  Iroiu  le<j:  showed  Streptococcus  pyojiciies.  'reiniicriitiirc  KM  to 
lor)°  F.;  death  in  9  dnvs.  IMood  culture  (5  days  hel'ore  death.  nepUive; 
4  days  hefore  death.  40  to  GO  coh)nies  of  Streptococcus  ])yojj:enes  ])er 
cubic  centimetre.     Xo  autopsy. 

Case  II. — Supinirative  nepliritis.  Kenal  symptoms  for  4  weeks: 
])ynria.  Temperature  102°  to  10;P  V.:  death.  Hhiod  culture  3  days 
liefore  death.  2  to  15  colonies  of  Staphylococcus  pyogenes  aureus  ])er 
ciihic  centimetre.  Autopsy.  58  hours  after  death,  showed  prostatic  hy- 
])ertro])hy.  cystitis.  ])yelonephritis.  ureteritis,  acute  pleuritis.  ab.scess  of 
lung.  Cultures  from  heart,  liver,  kidney,  spleen,  lung,  ureter  showed 
Staphylococcus  pyog.  aureus. 

Case  III. — Phlegmon  of  arm.  Culture  showed  Streptococ.  pyog. 
Temjierature  100°  to  103°  F.:  cervical  adenitis:  death  after  2  week.s. 
Blood  cultures  10  days  before  death,  negative;  2  days  before  death  50  to 
60  colonies  of  Streptococ.  pyog.  per  cubic  centimetre;  one-half  hour  after 
death  1200  to  1500  streptococci  per  cc.     No  autopsy. 

Case  IV. — Erysipelas.  Acute  intestinal  obstruction,  laparotomy.  One 
week  later  facial  erysipelas,  local  peritonitis  and  otitis  media.  Tempera- 
ture 103°  to  104°:  death.  Blood  cultures  5  days  before  death,  negative; 
2  days  before  death,  15  to  20  colonies  of  Streptococ.  pyog.  per  cc;  three- 
quarters  of  an  hour  after  death  20.000  Streptococ.  pyog.  per  cc.  Au- 
topsy 13  hours  after  death  showed  malignant  adenoma  of  sigmoid  flexure, 
circumscribed  peritonitis  with  multiple  abscess  formation,  double  puru- 
lent, otitis  media.  Cultures  from  scalp,  ear,  peritoneum,  liver,  showed 
Streptococ.  pyog.;  spleen  sterile. 

In  each  of  the  foregoing  eases  the  species  of  bacteria  causing  the 
initial  lesion  produced  also  the  general  invasion,  no  heterologous 
organisms  being  found.  In  the  two  positive  eases  in  Avliich  an  antopsv 
was  performed  the  bacteria  found  in  the  blood  during  life  were  also 
found  distributed  through  the  organs  at  autopsy.  The  blood  cultures  in 
the  other  14  cases  were  negative,  in  two  cases  one  or  two  cultures  being 
contaminated  with  cocci  from  the  skin  or  air.  In  the  0  negative  cases 
in  which  an  autopsy  was  performed,  while  scattered  germs  were  found 
in  certain  of  the  organs,  there  was  no  evidence  of  a  general  infection. 
These  facts  speak  well  for  the  method  of  blood  culture  employed  in 
detecting  a  general  bacterial  invasion  when  it  occurs. 

The  number  of  bacteria  fotmd  per  cubic   centimetre   during  life 
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was  never  large,  at  most  50  to  GO  streptococci.  In  two  cases  (III  and 
IV)  there  was  a  great  increase  in  the  number  of  bacteria  found  imme- 
diately after  death  over  the  number  found  two  days  before.  This 
may  be  interpreted  to  mean  either  that  a  growth  of  bacteria  occun-ed 
in  the  blood  during  the  last  two  days  of  life,  or  that  a  largely  in- 
creased number  were  able  to  enter  the  blood  during  the  last  days  or 
hours  of  life  as  a  result  of  diminished  body  resistance. 

The  time  of  bacterial  invasion  of  the  blood  was  late  in  the  disease, 
cultures  from  the  fifth  to  tenth  day  in  three  of  the  subsequently  posi- 
tive cases  being  negative.  The  probable  explanation  of  this  is  that 
the  bacteria  did  not  succeed  in  invading  the  blood  till  the  body  resist- 
ance was  much  reduced,  this  general  spread  and  growth  of  bacteria, 
accompanied  by  an  increased  production  of  toxines,  together  with  the 
lowered  body  resistance,  leading  speedily  to  a  fatal  ending. 

In  7  cases  in  which  the  blood  was  negative  before  death  it  was 
examined  also  after  death.  The  cultures  were  negative  in  each  of 
these  instances.  An  autopsy  was  performed  in  G  of  these  cases  and 
showed  absence  of  any  general  invasion  and  several  sterile  organs  at 
each  autopsy.  Xo  general  agonal  invasion  occurred  in  any  of  these 
patients. 

Our  19  cases  of  lobar  pneumonia  were  all  at  least  moderately  severe, 
and  10  were  fatal.  Of  the  latter  9  were  autopsied.  Thirty-two  cul- 
tures were  made,  and  in  three  fatal  cases  Diplococcus  pneumoniae  was 
obtained  from  the  blood  during  life.  We  will  briefly  describe  the  3 
positive  cases : 

Case  V. — Lobar  pneumonia.  Temperature  103°  to  104°;  delirium; 
death.  Blood  cultures,  3  days  before  death,  negative;  one  day  before 
death,  10  to  GO  colonies  of  the  pneumococcus  per  cc.  Autopsy  2^  hours 
after  death:  consolidation  of  right  lower  and  middle  lobes,  right  pleu- 
ritis  with  effusion.  Cultures  from  liver,  lung,  heart  and  spleen  showed 
pneumococci;  kidney  sterile. 

Case  VI. — Acute  bronchopneumonia.  Duration  2  weeks;  tempera- 
ture 100°  to  101°;  coiigh,  dyspnoea,  orthopnoea;  slight  oedema  of  ankles; 
vomiting;  three  general  convulsions,  death.  Blood  cultures  4  days  be- 
fore deatli  negative;  2  days  l)efore  death,  18  to  30  pnemnococci  per  cc. 
Autopsy  3  hours  after  death:  acute  bronchopneumonia,  acute  tibrinous 
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pericarditis  and  jici-itonit is.  aculc  j^loincruloncii'ii-it is.  Ciilinrt's  jroni 
lung,  lieart,  ])oriiardiuin.  |U'rit(»iR'nni.  spleen,  liver  and  kidney  showed 
pnoumocoeci. 

Case  VII. — Lohar  ])neuni()nia.  Dni-alion  S  days;  tenii)erature  lOP 
to  103°;  delirium;  death.  Ulood  cultures  5  days  before  death,  negative; 
2  days  before  death,  10  to  1.")  jineumococci  per  cc. 

In  two  of  the  positive  cases  at  aut<ipsy  a  general  pnennmcijecns  in- 
fection Avas  found;  in  the  third  case  no  autopsy  was  performed.  In 
the  8  negative  cases  in  which  autopsy  was  performed,  pueumococci 
were  found  in  the  lung,  but  there  was  no  evidence  of  a  general  infec- 
tion. Xo  organism  sjive  the  i)neumococcus  was  found  in  the  blood 
in  any  case.  The  number  of  bacteria  was  not  large,  from  10  to  60 
per  cc.  The  time  of  general  infection  was  always  late  in  the  dis- 
ease, negatiye  results  being  obtained  on  the  3d  to  5th  day  before 
death,  and  positive  results  one  to  two  days  before  death. 

Our  8  cases  of  cerebrospinal  meningitis  were  all  severe  and  6  of 
them  fatal.  An  autoi>sy  was  performed  in  4  eases  and  di])lococci 
found  in  the  meninges;  in  one  case  they  were  identified  as  Diplococcus 
intracellularis  meningitis.  Xo  pathogenic  bacteria  were  found  in  the 
blood  cultures.  In  5  cases  blood  cultures  were  made  shortly  after 
death,  and  all  proved  sterile.  The  thoracic  and  abdominal  viscera 
were  found  sterile  in  three  out  of  four  autopsies.  In  the  other  case 
(Xo.  II),  a  culture  shortly  after  death  was  sterile,  while  at  autopsy 
miscellaneous  bacilli  and  cocci  were  foimd  in  the  organs.  Their 
presence  was  probably  the  result  of  post-mortem  invasion. 

In  reviewing  our  cases  with  reference  to  frequency  of  invasion,  it 
is  seen  that  our  results  in  septicaemia  are  in  accord  with  those  of  later 
obsei-vers,  such  as  Xeuiuann,  Kraus,  and  Kiihuau;  we  have  not  obtained 
the  frequent  positive  results  of  the  earlier  investigators.  Our  series 
of  fatal  septic  affections  proved  to  be,  for  the  most  part,  cases  of 
intoxication,  with  resorption  of  toxines  produced  by  bacteria  growing 
in  a  local  primary  focus,  and  only  in  a  small  proportion  of  cases  did 
the  organisms  enter  the  general  circulation.  The  frequency  of  gen- 
eral invasion  in  our  pneumonias  is  similar  to  that  in  the  cases  of  Kohn, 
Kiihuau,  and  Kraus. 
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Reo-ardino-  the  relation  of  general  infection  to  mortality,  no  con- 
clusion can  be  drawn  from  onr  septic  cases,  save  that  a  large  per- 
centage may  die  witliont  general  infection.  On  the  other  hand, 
several  authors  have  found  bacteria  in  the  blood  in  cases  of  septicemia 
which  ultimately  recovered.  Bernheim  (5),  in  2  such  cases,  found 
streptococci;  Sittmann,  in  5  cases,  found  staphylococci;  Petmschky, 
in  8  cases,  found  streptococci  of  "  high  virulence."  All  our  cases  of 
pneumonia  with  positive  blood  cultures  died,  while  9  negative  cases 
recotered  and  S  negative  cases  died;  or,  to  put  it  in  another  way,  a 
general  invasion  Avas  found  in  less  than  one-quarter  of  the  fatal  cases. 
Ordinarily,  ])neuniococci  have  been  found  only  in  the  severest  cases, 
but  Sittmann  and  Kohn  each  report  two  instances,  and  Belfanti  one, 
Avhere  recovery  followed  a  positive  blood  culture. 

I  believe  that  the  value  of  blood  cultures  as  a  means  of  diagnosis 
in  obscure  cases  of  so-called  "  cryptogenetic  sepsis  "  has  been  over- 
estimated. Positive  results  during  life  are  always  interesting  and 
valuable,  and,  when  secured  by  proper  methods,  are  removed  from 
the  suspicion  of  agonal  or  post-mortem  invasion  which  sometimes  ob- 
scures autopsy  iindings,  but  it  is  evident,  from  the  large  percentage 
of  negative  results  even  in  the  severest  types  of  disease,  that  the  search 
for  the  speciiic  caiises  of  disease  by  this  method  will  often  prove  futile. 
As  regards  prognosis,  it  is  evident  that  a  negative  culture  does  not  give 
much  assistance,  while  a  positive  result  gives  a  very  unfavorable  prog- 
nosis in  the  majority  of  cases.  We  have  never  noted  any  marked 
change  in  the  clinical  course  coincident  with  the  occurrence  of  a  gen- 
eral infection. 

In  our  patients  the  time  of  general  infection  in  both  septicaemia 
and  pneumonia  has  been  late  in  the  disease,  only  a  few  days  before 
death.  This  has  been  the  experience  of  Canon,  Czerniewski  and 
Kiihnau  in  cases  of  septicaemia,  and  of  Kohn  in  cases  of  pneumonia. 
This,  in  my  opinion,  is  either  because  the  occurrence  of  a  general 
infection  led  speedily  to  a  fatal  termination,  or  because  the  general 
infection  was  in  itself  an  index  of  weakened  body  resistance  and  gen- 
eral breakdown.  Sittmann,  on  the  contrary,  has  obtained  positive 
results  in  sepsis  from  5  to  25  days  before  death,  and  found  the  pneu- 
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iiiocdccus  in  llic  lilddd  in  piicuuioiiiii,  1  miii  1  to  IS  dnys  hcldrc  dciitli. 
(( '(iin|);ir('  also  the  positive  cases  dl"  hlixul  culture  t'ollowed  hy  i'e<M)V- 
erv  ineiitiitiK'd  above)-  Tlit'  length  <d"  life  after  <i('neral  infection 
depends  on  the  virnlcnce  of  the  ix^'^^^^  iind  the  degree  of  hody  reaction, 
and  it  is  e\idently  possible  that  the  body  may  eliminate  all  germs  from 
the  blood  and  recover,  or  may  elinnnate  a  ])art  and  tiien  succumb,  as 
is  seen  in  A.  Friinkel's  (21)  case  where  200  pneumococci  pei-  cc  were 
found  in  the  blood  four  days  before  death  and  a  nnich  smaller  number 
two  days  before  death.  Wyssokowitsch,  in  his  experiments  <d'  in- 
jecting cultures  of  various  ])acteria  into  the  veins  of  animals,  found 
that  the  bacteria  disai)peared  more  or  less  completely  from  the  blood 
after  injection  and  were  deposited  in  the  liver,  spleen  and  bone 
marrow,  where  the  non-pathogenic  bacteria  were  killed  off  as  a  rule, 
while  the  pathogenic  bacteria  increased  and  re-entered  the  blood. 

I  wish  to  say  a  wor<l  cfmcerning  the  mode  and  cause  of  general 
blood  infection.  Krans,  in  an  article  upon  the  resorption  of  micro- 
organisms into  the  blood  from  various  organs,  as  the  lung,  intestine, 
bladder,  tonsils  and  gall-bladder,  after  a  careful  review  of  the  litera- 
tine,  concludes  that  in  general  the  organs  of  the  body  are  ^xn'meable 
for  bacteria,  some  tinder  normal  conditions,  some  aftci'  damaging  of 
tissue,  and  from  all  these  organs  with  greater  or  less  difficulty  a  resorp- 
tion infection  of  the  blood  may  occur.  The  exact  factors  conceraed 
in  producing  a  lessened  body  resistance,  an  increased  susceptibility, 
are  not  known,  but  und(»ubtedly  the  chief  defences  against  the  inva- 
sion of  pathogenic  micro-organisms  are  the  body  fluids  and  cells.  It 
thus  becomes  of  great  interest  to  know  whether  the  normal  blood  is 
destriTctive  to  pyogenic  organisms  and  loses  its  geruiicidal  power 
under  conditions  which  predispose  to  a  general  infection.  It  was 
my  intention  to  test  the  germicidal  power  of  the  blood  for  pyogenic 
cocci  in  cases  of  septicaemia  in  order  to  determine  whether  general 
invasion  could  be  traced  to  a  loss  of  germicidal  power.  A  revicAv  of 
the  literature  showed  that  this  property  of  the  blood  varies  in  man  and 
animals,  both  among  themselves  and  for  different  species  of  bacteria. 
Xuttall  (44),  Stern  (54)  and  Prudden  (40)  have  concluded  from 
their  experiments  with  human  blood  and  normal  body  fluids  that  they 
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possessed  little  or  no  effect  upon. pyogenic  cocci.  A  series  of  experi- 
ments by  the  author  (60),  which  were  recently  published,  confirm  this 
belief  that  normal  human  blood  serum  is  not  actively  germicidal  for 
pus  organisms.  Thus  it  is  evident  that  there  are  factoi-s  other  than 
the  germicidal  power  of  the  blood  which  play  an  important  part  in 
protecting  the  body  against  general  infection  and  that  the  solution 
of  this  problem  must  be  sought  along  other  lines. 

II.- — CIIKOXIC    DISEASES. 

It  is  a  well-known  fact  that  local  infectious  processes  are  of  fre- 
quent occurrence  in  patients  afflicted  with  chronic  diseases,  and 
autopsy  findings  indicate  that  general  infection  occasionally  occurs 
as  a  cause  of  death.  Believing  that  in  many  cases  results  obtained 
during  life  have  more  significance  than  those  obtained  at  autopsy,  we 
have  used  the  method  of  blood  cultures  during  life  to  detennine  the 
frequency  of  general  terminal  infections.  Osier  (4-i)  says:  ""  It  may 
seem  paradoxical,  but  there  is  truth  in  the  statement  that  pereons 
rarely  die  of  the  disease  with  which  they  suffer.  Secondary  infection, 
or,  as  we  are  apt  to  call  them  in  hospital  wards,  terminal  infections 
carry  off  many  of  the  incurable  cases  in  the  wards.''  Flexner  (19), 
in  an  analysis  of  the  autopsy  reports  of  225  cases  in  which  occun-ed 
chronic  cardiac,  vascular  or  renal  disease,  alone  or  in  combination, 
found  213  cases  in  which  bacteriological  examination  gave  positive 
results.  Local  infections  were  found  in  a  large  proportion  of  all  his 
cases  of  chronic  nephritis,  arteriosclerosis,  hepatic  cirrhosis  and  other 
chronic  diseases.  Acute  infections  of  the  pericardium,  pleura,  peri- 
toneum, meninges  and  endocardium  were  most  frequent.  In  163 
cases  of  chronic  nephritis,  either  single  or  combined  with  other  chronic 
disease,  38  cases  were  found  with  a  general  distribution  of  bacteria 
in  the  organs.  In  63  cases  of  cardiac  and  arterial  disease  he  found 
14  similar  cases.  These  were  considered  instances  of  general  infec- 
tion during  life,  and  in  many  a  local  lesion  was  present,  such  as  erysip- 
elas or  peritonitis,  which  was  looked  upon  as  the  source  of  the  general 
infection.  In  a  large  proportion  of  the  cases,  visible  focal  lesions 
were  not  present  in  the  organs  at  autopsy.     The  pyogenic  cocci  were 
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usually  the  infectious  agents.  He  l>elieves  this  susceptihility  to 
infection  in  chronic  disease  to  be  a  result  of  changes  in  the  Ijlood 
occurring  in  cachexiae,  weakened  body  resistance  being  due  to  a  loss 
of  germicidal  power  of  the  serum.  These  are  very  interesting  and 
significant  results,  yet  it  is  only  fair  to  say  that  a  general  distribution 
of  bacteria  at  autopsy  does  not  always  mean  general  infection  during 
life.  If  all  the  cases  could  be  excluded  where  the  bacterial  invasion 
of  the  blood  and  tissues  may  have  occurred  not  during  life,  but  during 
the  death  agony  or  after  death,  the  list  of  "  general  infections  "  would 
undoubtedly  be  smaller. 

Of  particular  interest  also  are  the  general  blood  infections,  which 
have  been  demonstrated  during  life  in  chronic  diseases  by  means  of 
blood  cultures.  Petruschky  examined  the  blood  in  S  cases  of  ad- 
vanced pulmonary  tuberculosis  and  found  streptococci  present  once 
during  life.  In  8  of  14  cases  which  came  to  autopsy,  streptococci 
were  found  in  all  the  organs,  Sittmann  obtained  positive  results  in 
3  of  4  cases  of  phthisis,  finding  Staphylococcus  pyogenes  aureus  twice 
in  the  blood  and  Staphylococcus  pyogenes  albus  once.  The  number 
of  bacteria  was  only  2  or  3  per  cc,  and  they  were  found  from  2  to  30 
days  before  death.  Hewelke,  in  27  cases  of  phthisis,  found  pyogenic 
cocci  in  the  venous  blood  in  3  cases.  Michaelis  and  Meyer  (38),  in 
examining  the  blood  in  10  cases  of  phthisis,  found  pyogenic  cocci  in 
8  cases  from  2  to  9  days  before  death.  Hii*schlaff  (31)  obtained 
staphylococci  from  the  blood  in  4  out  of  25  cases  of  phthisis.  Friiukel 
(22)  found  colon  bacilli  in  the  blood  during  life  in  a  case  of  leuktemia. 
Gabbi  and  Barbacci  (24),  in  2  cases  of  pseudo-leukaemia,  obtained  the 
same  result.  Yerdelli  (56),  in  2  cases  of  pseudo-leukasmia,  found 
Staphylococcus  pyogenes  aureus  and  albus.  As  an  analogue  to  this 
class  of  cases,  many  observers  have  demonstrated  the  occun-ence  of 
secondary  infections  by  pyogenic  cocci  in  cases  of  acute  disease,  such 
as  typhoid  fever  and  diphtheria. 

Turning  from  this  subject  for  a  short  time,  I  wish  to  speak  of 
another  which  is  rather  closely  allied  to  it  and  upon  which  we  have 
also  made  some  observations.  There  is  a  certain  amount  of  evidence 
drawn  from  blood  cultures  made  at  the  time  of  death,  from  the  bac- 
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teriological  examinations  at  autopsies,  and  from  experiments  upon 
animals,  that  during  the  last  few  hours  of  life  the  bacteria  which 
are  present  in  certain  organs,  more  especially  the  bowel,  are  able  to 
overcome  the  weakened  powers  of  resistance  of  the  individual  and  to 
get  into  the  blood  stream,  and  are  distributed  by  means  of  the  circu- 
lation to  the  various  organs,  and  may  grow  in  these  organs  after  death. 
This  process,  which  is  termed  "'  agonal  invasion,"  naturally  has  no 
influence  on  the  course  of  disease  in  the  individual,  it  being  a  result 
rather  than  a  cause  of  disease,  but  it  has  a  very  important  bearing  on 
the  value  and  significance  of  positive  bacteriological  findings  at 
autopsy.  If  an  "agonal  invasion  ''  of  bacteria  is  a  frequent  occur- 
rence, it  is  A^ery  evident  that  the  bacterial  contents  of  organs  at  au- 
topsy do  not  represent  the  conditions  present  during  life;  that  cul- 
tures alone  are  not  sufiicient  to  put  the  organism  foimd  in  causal 
relation  with  the  pathological  changes  present,  and  that  our  conclu- 
sions as  to  the  causes  of  disease  from  post-mortem  bacteriological  find- 
ings must  be  much  restricted.  To  throw  light  on  this  subject  of 
agonal  invasion  we  have  made  blood  cultures  before  and  after  death 
in  our  chronic  cases,  and  in  a  series  of  miscellaneous  fatal  cases,  and 
post-mortem  cultures  in  some  cases  of  septicaemia  and  meningitis 
already  referred  to.  We  will  give  a  brief  summaiy  of  the  more 
important  literature  before  speaking  of  our  own  results. 

The  first  observations  of  the  general  invasion  of  internal  organs  of  the 
body  by  the  colon  bacillus  were  made  by  Welch  (59)  and  reported  in 
1890.  He  reports  that  this  organism  was  found  in  33  autopsies  out  of 
about  200  at  the  Johns  Hopkins  Hospital,  with  especial  frequency  in 
cases  with  lesions  of  the  intestinal  mucosa.  He  regards  it  as  in  most 
instances  a  harmless  invader  without  influence  upon  the  course  of  the 
disease  and  without  pathogenic  effects.  Many  observers  have  since 
noted  the  frequency  of  occurrence  of  the  colon  bacillus  in  organs  at  au- 
topsy. Intestinal  bacteria  have  been  sometimes  reported  as  present  in 
the  blood  very  shortly  after  death.  Beco  (3)  in  studying  the  bodies  of 
patients  who  had  died  of  chronic  disease  found  the  colon  bacillus  pres- 
ent immediately  after  death  in  the  liver  in  11  cases  and  in  the  heart  in 
one  case;  also  the  colon  bacillus  and  Staphylococcus  pyogenes  aureus  to- 
gether in  the  liver  in  3  cases.     Letienne  (36)  found  the  colon  bacillus  in 
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the  pill-l)lii(l(ler  11  times  in  18  oases,  in  3  oases  lo  minutes  after  death. 
Aohard  and  Phuljiin  (1)  ohtained  blood  from  the  veins  and  liver  dur- 
ing the  death  agony,  and  also  made  cultures  at  autopsy  in  43  chronic 
cases.  Tn  no  cases  were  bacteria  found  in  the  blood  before  death,  in  8 
cases  bacteria  were  found  in  the  liver  from  10  minutes  to  10  hours  ante 
mortem  (B.  coli  G  cases.  Staph,  pyog.  aureus  and  Staph,  pyog.  alb., 
each  one  case).  In  2-i  cases  no  bacteria  were  found  l)efore  death,  but 
Staph,  pyog.  aur..  colon  bacillus  and  putrefactive  bacteria  were  found 
in  the  organs  at  auto])sy.  Tn  11  cases  no  bacteria  were  found  either 
before  death  or  at  autopsy.  They  conclude  that  agonal  invasion  occurs, 
but  is  rather  rare  and  that  the  intestine  is  the  chief  source  of  the  germs. 
Hanot  (27)  in  a  case  of  jaundice,  obtained  a  cnltnrc  of  colon  bacilli  from 
the  liver  during  life. 

"Wurtz  and  Herman  (61)  froze  small  animals  to  death  and  obtained 
cultures  of  intestinal  germs  from  the  organs  during  the  death  agony  in 
21  out  of  33  cases,  while  control  animals  rapidly  killed  remained  sterile. 
Other  animals  poisoned  with  arsenic  or  killed  by  asphyxiation  gave  simi- 
lar positive  results.  Beco  killed  rabbits  slowly  by  poisoning  with  tartar 
emetic  and  cantharides  and  found  intestinal  germs  present  in  the  organs 
immediately  after  death  in  most  of  the  cases,  while  animals  rapidly  killed 
remained  sterile.  His  method  of  culture  by  means  of  bouillon  tubes  is 
objectionable.  Chvostek  and  Egger  (13),  repeating  "Wurtz  and  Herman's 
work,  froze  13  animals  and  obtained  positive  results  in  30  per  cent  of  the 
cases,  while  control  animals  were  all  negative.  Later  they  froze  50  ani- 
mals, and  examination  of  the  heart's  blood  immediately  after  death  gave 
4-1  per  cent  of  positive  results.  Another  series  of  animals  frozen  and 
similarly  examined  tM'o  hours  after  death  gave  16  per  cent  of  positive  re- 
sults. He  explains  this  lower  result  by  saying  that  the  germs  which  in- 
vaded the  blood  were  partly  killed  ofP  by  the  serum  on  standing  two 
hours.  Starved  animals  gave  negative  results.  Animals  which  wei'e 
stabbed  gave  20  per  cent  positive  results,  which  can  hardly  be  due  to 
agonal  invasion  and  are  not  explained.  In  all  these  experiments  the 
peritoneum  contained  more  bacteria  than  the  blood. 

Chvostek  (12),  in  reviewing  his  own  work  and  that  of  Wurtz  and  Her- 
man, Beco,  Achard  and  Phulpin.  and  others,  concludes  that  bacterial 
invasion  of  the  body  during  the  death  agony  occurs  frequently,  that  what 
has  been  considered  post-mortem  invasion  is  really  the  result  of  agonal 
invasion  and  post-mortem  growth.  At  the  end  of  life  the  vigorous 
germs,  usually  the  pyogenic  cocci  which  can  overcome  live  cells,  invade 
the  bodv  first,  then  the  weaker  ones  which  can  overcome  damag-ed  cells. 
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and  last  the  putrefactive  germs.  The  more  cachectic  the  individual  the 
more  easily  agonal  invasion  occurs.  The  anatomically  unaltered  vessel 
walls  have  been  shown  to  be  permeable  for  bacteria,  and  Chvostek  be- 
lieves there  may  be  a  procession  of  bacteria  into  the  blood,  some  being 
killed  off  while  others  are  steadily  invading  the  circulation.  He  believes 
that  bacteriological  findings  at  autopsy  are  not  a  safe  ground  for  con- 
clusion about  the  conditions  which  were  present  in  life. 

On  the  other  hand,  while  admitting  that  intestinal  germs  may  reach 
certain  abdominal  organs  during  the  last  hours  of  life,  there  is  a  good 
deal  of  evidence  against  the  frequent  occurrence  of  an  agonal  invasion 
and  general  distribution  of  bacteria  over  the  body  by  means  of  the  cir- 
culation. Sterile  organs  at  autopsy  are  a  very  common  occurrence  in  all 
sorts  of  non-infectious  diseases,  and  even  in  infectious  cases  apart  from 
the  specific  foci.  Lesage  and  Macaigne  (35)  examining  cadavers  in 
winter  found  many  of  them  sterile.  Austerlitz  and  Landsteiner  (2)  and 
Beco  remark  upon  the  infrequency  of  finding  the  colon  bacillus  in  fresh 
cadavers.  On  examining  the  results  of  Achard  and  Phulpin,  we  see 
that  in  the  8  chronic  cases  in  which  agonal  invasion  was  believed  to  have 
occurred,  the  heart's  blood  was  found  sterile  in  all  as  late  as  2  to  23 
hours  after  death.  In  24  other  cases  where  the  heart's  blood  was  exam- 
ined from  2  to  16  hours  after  death,  only  2  positive  results  were  ob- 
tained, both  10  hours  and  later  after  death. 

Hauser,  by  injecting  cultures  of  bacteria  into  the  dead  bodies  of  men 
and  animals  immediately  after  death,  has  shown  that  a  rapid  and  wide- 
spread invasion  of  the  body  can  occur  in  the  period  of  time  which  inter- 
venes ordinarily  between  death  and  autopsy.  In  his  experiments  the 
spread  of  bacteria  was  dependent  partly  on  the  position  of  the  cadaver; 
if  the  animal  was  hung  up  by  the  hind  legs,  the  liver,  pleura  and  heart 
gave  positive  results,  and  if  hung  up  by  the  fore  legs,  the  bacteria  were 
found  in  the  liver,  kidney  and  bladder.  In  experiments  upon  human 
cadavers,  the  pleura,  liver,  kidney  and  bladder  were  invaded  after  intra- 
peritoneal injection  of  germs,  and  the  pericardium  and  heart  usually 
remained  sterile.  In  a  large  number  of  autopsies  performed  10  to  2-t 
hours  post  mortem,  he  found  the  colon  bacillus  present  in  nearly  half. 
Positive  results  were  much  more  abundant  in  warm  than  in  cold  weather. 
He  believes  they  are  due  largely  to  post-mortem  invasion  of  the  body. 

With  reference  to  the  entrance  of  bacteria  from  the  intestine  into  the 
blood,  the  statement  of  Xocard  that  the  chyle  acts  as  a  vehicle  for  germs 
has  been  disproved  by  Xeisser  and  Kiihnau.  They  found  the  chyle  and 
mesenteric  glands  of  large  animals  uniformly  sterile.     Wyssokowitsch 
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found  that  in  ddus  and  i-aliltits.  wIumi  larjze  nuiidicrs  of  Staithylococi'iis 
pyogenes  aureus  had  been  brought  into  the  gut,  either  by  the  mouth  or 
by  direct  injection,  the  mesenteric  glands  on  later  examination  were 
found  sterile  in  the  great  majority  of  cases;  in  a  few  cases  in  which  con- 
tamination could  not  be  excluded,  a  few  bacteria  were  found.  Heubner 
has  shown  that  there  are  no  bacteria  in  the  wall  of  the  gut  in  infants 
with  intestinal  disease.  Ribbert  (50)  and  Bizzozero  (6)  found  bacteria 
in  the  intestinal  wall  only  in  the  follicles  of  the  caecum  of  rabbits  and  in 
no  other  animals.  Austerlitz  and  Landsteiner  repeated  Wurtz's  and 
Chvostek's  experiments  with  improved  technique  and  different  resiilts. 
Fifty  mice  were  killed  by  freezing  and  250  cultures  of  the  heart's  blood 
were  all  sterile.  Negative  results  were  also  obtained  in  animals  slowly 
poisoned  by  arsenic.  Max  Neisser  fed  rabbits,  mice  and  guinea-pigs 
freely  with,  pyogenic  cocci  and  typhoid  bacilli,  after  damaging  the  intes- 
tine with  a  previous  diet  of  broken  glass  and  sodium  fluoride:  in  21  of 
the  animals  the  organs  were  sterile  at  autopsy,  in  some  others  positive  re- 
sults were  obtained  which  he  thinks  may  be  explained  by  unavoidable 
contaminations.  In  an  investigation  where  so  much  depends  on  the  tech- 
nique of  the  removal  of  organs  and  culture-making,  and  the  dangers  of 
infection  by  manipulation  are  so  great,  negative  results  are  more  val- 
uable than  positive  ones.  It  is  evident  that  highly  pathogenic  bacteria 
may  be  present  in  the  gut  without  producing  general  infection,  and  that 
even  severe  damage  to  the  gut  is  not  in  itself  sufficient  to  open  a  way  for 
them  into  the  circulation.  Neisser  concludes  that  there  is  hardly  a 
greater  danger  of  general  infection  from  the  bowel  than  from  the  skin 
or  from  other  mucosae. 

Our  own  observations  upon  tenninal  and  agonal  infections  cover  37 
cases  of  severe  chronic  disease  (11  cardiac  disease,  9  cancer,  4  sar- 
coma, 3  phthisis,  3  chronic  nephritis,  1  Pott's  disease  and  nephritis, 
1  arterio-sclerosis,  1  tubercular  meningitis,  1  tubercular  peritonitis,  1 
gastric  ulcer,  1  chronic  rheumatism,  1  pernicious  augemia),  of  which 
30  died  in  the  hospital  and  10  were  autopsied;  also  10  miscellaneous- 
fatal  cases,  5  of  which  were  autopsied.  We  also  include  7  cases  of 
sepsis  and  5  of  cerebro-spinal  meningitis,  already  referred  to,  which 
were  negative  in  life,  and  in  which  post-mortem  cultures  were  made. 
79  blood  cultures  were  made  in  all ;  41  in  the  late  stages  of  disease, 
and  38  one-half  hour  after  death. 

We  give  a  brief  description  of  the  9  cases  in  which  blood  cultures 
gave  positive  results: 
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Case  Till. — Chronic  parenchymatous  nephritis.  Duration  of  symp- 
toms one  year,  uraemia,  death.  Blood  culture  one  day  before  death,  30 
to  50  colonies  of  Streptoc.  pyog.  per  cc;  one-half  hour  after  death,  100 
to  150  Streptoc.  pyog.  per  cc.  Autopsy,  17  hours  after  death,  showed 
parenchymatous  nephritis,  anasarca,  passive  congestion  of  lungs,  liver 
and  spleen,  bronchopneumonia.  Cultures  from  heart,  liver,  spleen  and 
kidney  showed  Streptoc.  pyog. 

Case  IX. — Chronic  parench5'matous  nephritis.  Duration  2  years. 
Temperature  96°  to  9T°  for  a  week  before  death,  abdominal  pain  one 
day.  Blood  cultures  2  days  before  death,  70  to  90  Streptoc.  pyog.  per 
cc;  one-half  hour  after  death,  300  to  500  Streptoc.  pyog.  Autopsy,  15 
hours  after  death,  showed  parenchymatous  nephritis,  anasarca,  syphilitic 
hepatitis  and  orchitis,  degeneration  of  spleen,  liver  and  kidney,  acute 
general  peritonitis  and  acute  pleuritis.  Cultures  from  heart,  spleen, 
liver,  kidney,  pleura  and  peritoneum  showed  Streptoc.  pyog. 

Case  X. — Pott's  disease,  chronic  nephritis.  Duration  of  Pott's  dis- 
ease 5  years,  of  nephritis  1  year;  exacerbation  of  nephritis,  persistent 
vomiting,  death.  Temperature  101°  for  2  days  before  death.  Blood 
culture  4  days  before  death,  10  to  15  Streptococ.  pyog.  per  cc;  one-half 
hour  after  death,  10  to  15  Streptococ.  pyog.  per  cc  Autopsy,  6  hours 
after  death,  showed  chronic  diffuse  nephritis,  tuberculosis  of  lumbar 
vertebrae  and  lungs,  tubercular  salpingitis,  amyloid  liver,  spleen  and 
kidney.  Cultures  from  heart,  liver,  spleen  and  kidney  showed  Strepto- 
coc. pyog. 

Case  XI. — Gastric  ulcer.  Gastric  pain  2  months,  hffimatemesis, 
bloody  stools  for  6  days,  death.  Temperature  102°  last  12  hours. 
Blood  culture  1^  days  before  death,  6  to  10  Staphlococ  pyog.  aureus 
per  cc;  ^  hour  after  death,  15  to  20  Staphylococ  pyog.  aureus.  Xo  au- 
topsy. 

Case  XII. — Myocarditis,  pericarditis.  Pericarditis  with  effusion  11 
days,  temperature  100°  to  102°;  death.  Blood  cultures  4  days  before 
death,  5  to  8  Staphylococ.  pyog.  aureus  per  cc.  Autopsy,  27  hours  after 
death,  showed  fatty  myocarditis,  fluid  in  cavities,  passive  congestion  of 
organs,  subacute  fibrinopurulent  pericarditis.  Cultures  from  liver,  kid- 
ney, spleen  and  pericardium  showed  Staphylococ.  pyog.  aureus. 

Case  XIII. — Mitral  and  aortic  stenosis.  Duration  of  symptoms  11 
months,  temperature  100°  to  102°  for  2  days  before  death.  Blood  cul- 
ture 4  days  before  death,  negative;  ^  hour  after  death.  5  to  6  Staphyloc. 
pyog.  aureus  per  cc.  Autopsy,  17  hours  after  death,  showed  mitral  and 
aortic  stenosis,  chronic  passive  congestion  of  organs,  acute  bronchopneu- 
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riiimia.  Ciiliures  from  li\ci'  and  Isidiu^v  slidwcd  Staitli.  pvo^^-.  aureus; 
from  hin«i-.  Staiih.  pyoji'.  aureus  and  pneuniocoocus;  s])leeii  sterile. 

Case  XIV. — antral  regur^ritation.  Duration  of  symptoms  G  months, 
death  sudden,  no  fever  or  complications.  Blood  cultures  3  days  before 
death,  negative;  i  hour  after  death,  10  to  12  Sta])h.  i\vog.  aureus  per  cc. 
Xo  autopsy. 

Case  XV. — Cancer  of  ejiiglottis.  Duration  1  year;  laryngectomy,  sud- 
den death  10  hours  later.  Blood  cultures  2  days  before  death,  negative; 
f  of  an  hour  after  death,  10  to  20  Streptoc.  pyog.  per  cc.     No  autopsy. 

Case  XVI. — Compound  depressed  fracture  of  skull.  Operation,  death 
after  6  hoin-s.  Blood  culture  ^  hour  after  death.  20  Streptoc.  i\vog.  per 
cc. 

In  the  accompanying  table  we  have  classified  the  total  number  of 
cases  examined,  the  number  of  positive  results,  the  time  the  earliest 
positive  culture?  were  obtained,  and  the  number  and  kinds  of  bacteria 
foimd. 

In  5  cases  of  chronic  disease,  bacteria  were  found  in  the  blood  one 
or  more  days  before  death,  as  follows: 

•2  cases  of  chronic  nephritis,  Streptoc.  pyog., 

1  case  of  Pott's  disease  and  chronic  nephritis,         Streptoc.  pyog., 
1  case  of  gastric  ulcer,  Staph,  pyog.  aureus, 

1  case  of  myocarditis  and  pericarditis.  Staph,  pyog.  aureus. 

These  are  considered  cases  of  general  terminal  infection.  In  each 
of  these  5  patients  the  invasion  of  the  blood  as  shown  by  our  cultures 
was  followed  in  a  few  days  by  death.  Degenerative  changes  were 
usually  present  in  the  organs  at  autopsy,  but  in  no  instance  pyaemic 
foci.  The  sources  of  infection  could  not  be  absolutely  determined. 
In  one  case  a  tubercular  process  in  the  lungs  antedated  general  infec- 
tion; in  another  a  fibrino-purulent  pericarditis.  In  one  case  a 
broncho-pneumonia  was  present,  in  another  an  acute  peritonitis  and 
pleuritis,  but  these  are  looked  upon  as  part  of  the  general  infections. 
The  clinical  aspects  of  these  cases  were  not  remarkable ;  in  three  there 
was  a  moderate  febrile  reaction  a  few  days  before  death,  and  in  one 
for  a  period  of  eleven  days ;  in  another  the  temperature  was  subnormal 
for  a  week  before  death.     There  was  gTave  constitutional  disturbance 
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in  eaeli  ease,  but  any  symptoms  which  may  have  occurred  as  a  result 
of  general  infection  were  obscured  by  those  which  resulted  from  the 
chronic  processes.  In  short,  these  cases  of  terminal  septicaemia  could 
hardly  have  been  recognized  clinically  without  blood  cultures. 

I. — Positive  Blood  Cultures  during  Life. 


Disease. 


Septicaemia 

Case  1 

II      2 

"      3 

"      4 

Pneumonia 

Case  5 

"      6 

"      7 

C.-S.  Meningitis 

Chronic  Nephritis  .  . . 

Case  8 

"     9 

Chronic  Nephritis      ^ 
and  Tuberculosis  [ 

Case  10 

Gastric  Ulcer 

Case  11 

Myocarditis  and        ) 
Pericarditis  ) 

Case  13 

Miscellaneous  cases. . 


(US  — 

S  t 


1 

1 

1 

0 
12 


Time  of 
earliest 
positive 
culture. 


(Days  before 
death.) 

4  days, 
o      *  * 

2     " 


1  day. 

2  days. 


1  day. 

2  days. 

4  days. 

IK" 


Bacteria  found. 


Streptoc.  pyog. 
Staph,  pyog.  aureus 
Streptoc.  pyog. 


Pneumococcus. 


Streptoc.  pyog. 


Staph,  pyog.  aureus 


Number 

of  bacteria 

per  cc. 

ot  blood. 

40  to  60 
11  to  15 
.50  to  1500 
15  to  20,000 

40  to  60 
18  to  30 
10  to  15 

30  to  150 
70  to  500 

10  to  15 

6  to  20 

5  to    8 

Number  of 

cases 
investigated 


18 


19 


37 

y (chronic 
cases). 


10 
92 


II. — Positive  Blood  Cultures  after  Death  in  Cases  where  the  Blood  was 

Negative  during  Life. 


Septicaemia 

C.-S.   Meningitis 

Mitral  and  Aortic  'i 
Disease  j 

Case  13 

Mitral  Disease 

Case  14 

Cancer  of  Epiglottis. 

Case  15 

Comp.  Fracture  ) 
of  Skull  [ 

Case  16 


(Hours  after 
death.) 


}4  hour. 
}4  hour. 
%  hour. 

14  hour. 


Staph,  pyog.  aureus 


Streptoc.  pyoj 


5  to  6 
10  to  12 
10  to  20 

20 


I       1^ 
[-(chronic 
I    cases^. 

J  7 

~j  (miscel- 
l  laneous 
J     cases). 

35 
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111  ;i(l(liii<iii  to  tlic  iiviKTiil  iiiiVH-timis  in  i-limnie  cnses,  Incul  infec- 
tions li;i\t'  l»oen  froqiK'iitly  found  at  autopsy,  such  as  l>nincli(i-i»ncu- 
mouia,  jilcuritis,  ncpliritis,  etc.;  of  these,  bronelio-pueunidiiia  lieiiig 
far  the  most  common. 

With  reference  to  the  occurrence  of  general  hhtod  invasion  during 
the  deatli  ac,'ony,  cultures  of  the  heart's  Mood  Avere  made  in  35  cases 
where  no  general  infection  was  found  during  life.  The  cultures  were 
made  as  soon  as  possible  after  death,  within  half  an  hour  in  all  but  a 
few  cases.  These  cases  consist  of  7  septicaemias,  5  cases  of  cerebro- 
spinal meningitis,  16  of  chronic  disease  and  7  of  miscellaneous  acute 
diseases.  T\^e  are  struck  by  the  fact  that  in  these  35  cases,  only  4 
positive  results  were  obtained;  in  3  cases  examination  of  the  blood 
2  to  4  days  before  death  had  given  a  negative  result,  and  in  the  fourth 
case  death  occurred  six  hours  after  an  accident  in  a  healthy  man. 
1  case  of  mitral  and  aortic  stenosis.  Staph,  pyog.  aureus, 

1  case  of  mitral  regurgitation,  ■       Staph,  pyog.  aureus, 

1  cast  of  cancer  of  epiglottis,  Streptoc.  pyog. 

1  case  of  compound  depressed  fracture  of  the  skull.       Streptoc.  pyog. 

These  are  considered  cases  of  probable  agonal  infection.  In  chronic 
cases  with  grave  cachexia,  blood  invasion  seems  a  natural  event;  with 
reference  to  the  case  of  fracture  of  the  skull  we  quote  Hauser,  who 
says  that  severe  disturbance  of  the  nervous  centres  favors  agonal 
invasion.  "We  are  satisfied  that  the  large  number  of  negative  results 
represent  the  conditions  which  were  actually  present;  that  if  any 
considerable  number  of  bacteria  have  invaded  the  general  circulation 
in  the  death  agony,  some  would  have  been  present  in  the  heart's 
blood  and  have  been  found  in  the  5  cc.  of  blood  aspirated  and  used 
for  cultures. 

Only  two  varieties  of  bacteria  occurred,  and  these  never  in  mixed 
infection.  The  colon  bacillus  was  not  present  in  a  single  culture. 
The  number  of  bacteria  was  small — as  a  rule,  5  to  10  per  cc.  of  the 
staphylococci,  and  20  to  90  streptococci  per  cc.  In  4  of  the  chronic 
cases  positive  cultures  were  obtained,  both  before  and  after  death, 
and  in  2  of  these  latter  there  was  apparently  a  growth  of  bacteria  in 
the  blood,  or  an  increased  invasion  of  the  blood;  for  the  second  cul- 
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tiiro  showed  the  presence  of  a  eonsidcral)ly  larger  number  of  bacteria 
than  did  the  fii-st.  In  case  VIII,  chronic  nephritis,  a  blood  cnltiire  a 
day  before  death  showed  30  to  50  streptococci  per  cc;  a  culture  imme- 
diatelv  after  death,  100  to  150  per  cc.  In  Case  IX,  chronic  nephritis, 
a  culture  2  days  before  death  showed  TO  to  90  streptococci,  and  a 
culture  immediately  after  death,  300  to  500  per  cc.  In  the  two  other 
cases  the  number  of  bacteria  remained  practically  stationary.  In 
a  large  majority  of  our  chronic  cases,  the  blood  both  before  and 
immediately  after  death  proved  sterile. 

In  5  of  our  nine  positive  cases  an  autopsy  was  performed  and  the 
same  bacteria  which  were  present  in  the  blood  cultures  were  found 
•distributed  through  the  organs,  as  would  be  expected. 

In  many  of  the  cases  where  the  blood  was  negative  during  life, 
bacteria,  such  as  the  colon  bacillus,  pneumococcus  or  pyogenic 
-cocci,  have  been  found  in  one  or  more  organs  at  autopsy.  Bearing 
in  mind  Hauser's  proof  of  the  rapidity  of  post-mortem  extension  of 
bacteria  through  the  body,  we  believe  that  this  is  the  explanation  of 
their  presence  in  most  cases;  on  the  other  hand,  some  probably  rep- 
resent local  infections  in  life,  and  some  agonal  infections.  In  a  con- 
siderable number  of  the  local  infections  the  bacteria  no  doubt  reached 
the  infected  organ  by  means  of  the  blood  stream,  even  in  cases  which 
gave  negative  blood  cultures  during  life;  probably  a  few  bacteria 
gained  entrance  to  the  blood-vessels,  were  carried  about  and  deposited 
in  various  organs,  most  of  them  being  destroyed,  while  a  few  suc- 
ceeded in  gaining  a  footing  and  produced  a  local  infectious  process. 
In  such  cases  we  could  hardly  expect  to  obtain  positive  results  in  our 
blood  cultures. 

"We  have  reached  the  conclusion  that  general  agonal  invasion  by 
bacteria  is  a  rather  uncommon  occurrence,  from  a  consideration  of 
the  frequency  of  sterile  organs  at  fresh  autopsies,  from  the  uniformly 
negative  results  obtained  by  Austerlitz  and  Landsteiner,  and  Xeisser 
in  animal  experiment,  and  finally  from  the  series  of  negative"  post- 
mortem cultures  in  our  own  cases.  We  cannot  accept  the  theory  that 
the  normal  or  nearly  normal  bowel  is  easily  and  frequently  penetrated 
by  bacteria,  or  the  application  of  this  theory  to  post-mortem  findings. 
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If  antopsies  arc  performed  witliin  a  short  time  after  death  anil  the 
results  of  post-mortem  growth  of  haetcria  in  the  hod}'  thus  av(ii<led, 
we  have  every  reason  to  believe  that  in  the  majority  of  cases  the 
bacteriological  findings  at  antopsy  correspond  to  conditions  present 
dnring  life.  "We  believe  that  the  presence  of  the  colon  bacillns  at 
autopsies  is  occasionally  due  to  agonal  invasion  of  the  l)ody  and 
nsnally  dne  to  post-mortem  outgrowth  through  the  body  from  the 
intestine. 

In  addition  to  the  use  of  blood  cultures,  certain  evidence  has  been 
obtained  by  the  author  (60)  from  experiments  with  blood  serum 
which  I  will  briefly  refer  to  here.  It  was  thought  that  an  explanation 
of  general  bacterial  invasion  of  the  body  in  chronic  disease  could  be 
found  in  a  loss  or  weakening  of  the  germicidal  properties  of  the 
blood,  but  the  balance  of  evidence  of  previous  work  which  was  con- 
firmed by  a  series  of  experiments  by  the  author  indicates  that  the 
blood  serum,  even  in  healthy  individuals,  is  not  appreciably  germicidal 
for  the  pus  organisms,  which  disposes  of  this  theory''  so  far  as  the  pus 
organisms  are  concerned.  On  the  other  hand,  it  is  well  known  that 
normal  human  serum  is  germicidal  to  the  colon  bacillus,  and  the 
author  has  found  that  the  serum,  as  a  nile,  retained  this  property  for 
this  organism  in  cases  of  severe  chronic  disease  up  to  the  end  of  life, 
and  in  about  half  the  cases  examined,  even  for  several  hours  after 
death.  In  only  two  cases  in  the  series  was  there  any  evidence  of  loss 
of  germicidal  power  before  death.  Xow  in  this  fact  that  the  serum 
retained  its  germicidal  properties  in  most  cases  until  death  and  in 
many  cases  after  it,  we  have  a  strong  additional  reason  why  agonal 
invasion  of  the  blood  by  intestinal  germs  is  not  likely  to  occur  in 
the  majority  of  cases,  even  of  severe  chronic  disease. 

CONCLUSIONS. 

Our  conclusions  from  the  literature  and  our  own  experiments  may 
be  summarized  as  follows : 

I.  Blood   for   bacteriological   examination   during  life   should   be 
taken  directly  from  the  veins  and  in  considerable  quantity. 

II.  Eesorption  of  toxines  is  the  most  important  feature  in  cases 
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of  sepsis;  pyogenic  bacteria  invade  the  general  civenlation  in  a  rather 
small  proportion  even  of  severe  cases,  and,  as  a  rule,  late  in  the  course 
of  the'  disease. 

III.  A  general  infection  by  the  pneumoeoccus  can  be  demonstrated 
occasionally  in  the  late  stages  of  acute  lobar  pneumonia. 

lY.  The  value  of  blood  cultures  as  a  means  of  diagnosis  in  obscure 
cases  of  sepsis  is  limited  by  the  fact  that  invasion  of  the  blood  by  the 
specific  organism  cannot  be  demonstrated  during  life  in  the  majority 
of  cases.  Positive  cultiu-es  are  very  valuable;  negative  cultures  do 
not  exclude  local  septic  infections. 

Y.  The  detection  of  specific  bacteria  in  the  blood  of  cases  of  sepsis 
and  of  pneumonia  gives  a  very  unfavorable  prognosis  in  most  cases. 

YI.  General  terminal  infections  with  pyogenic  cocci  occasionally 
occur  as  an  immediate  cause  of  death  in  chronic  disease.  Local  infec- 
tious processes  play  this  part  more  frequently. 

YII.  As  far  as  our  experiments  have  shown,  invasion  of  the  blood 
by  bacteria  during  the  death  agony,  with  subsequent  distribution  of 
the  germs  to  the  organs  by  the  circulation,  is  a  rather  uncommon 
occurrence. 

YIII.  Owing  to  the  relative  infrequency  of  agonal  invasion,  we 
believe  that  in  the  majority  of  cases  where  the  autopsy  is  performed 
promptly  after  death,  the  bacteria  which  are  found  in  the  organs 
succeeded  in  reaching  these  organs  previously  to  the  death  agony, 
and  are  associated  with  the  coui^e  of  the  disease. 

IX.  The  presence  of  bacteria  in  the  organs  of  late  autopsies  is  due 
in  many  cases  to  post-mortem  extension  from  one  organ  to  another, 
and  in  some  cases  to  the  post-mortem  growth  of  small  numbers  of 
germs  which  were  distributed  to  the  organs  by  means  of  the  cir- 
culation. 

In  closing  I  wish  to  express  my  thanks  to  Dr.  J.  H.  Wright, 
Director  of  the  Pathological  Laboratoiy  at  the  Massachusetts  General 
Hospital,  for  his  kind  assistance  in  my  work. 
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A  CASE  OF  SrSPECTED  EABIES  WITH  ISOLATION   OF 

BACILLUS  DIPHTHEKIzE  FROM  THE  CENTEAL 

XERVOUS  SYSTEM. 

Bv  GEORGE  DOUGLAS  HEAD.   :^1.  D.,  and  LOUIS  BLANCHARD 
WILSON,  M.  D. 

(Universili/  of  Jlitniewta.) 

CLINICAL  REl'OKT. 
By  George  Douglas  Head,  ^L  D. 

On  the  morning  of  September  28,  1897,  Mrs.  L.  11.  presented  herself 
for  the  surgical  treatment  of  a  bite  of  the  left  cheek.  She  stated  that 
about  4  o'clock  that  morning  she  was  awakened  by  a  noise  in  the 
chicken  coop,  and  luirrving  on  her  clothing  went  out  to  investigate. 
As  she  pushed  open  the  door  of  the  coop  an  animal  sprang  out  upon 
her,  biting  her  on  the  left  cheek.  The  wound  bled  profusely  and  to 
stop  the  hsemorrhage  she  applied  some  liniment  and  a  bandage. 

When  she  presented  herself  for  treatment,  five  hours  after  the  acci- 
dent, there  were  two  sharp,  deep  punctures  on  the  left  cheek,  one-half 
an  inch  apart,  sinking  deeply  into  the  underlying  tissue,  from  which  on 
pressure  a  bloody  grumous  fluid  exuded.  The  wound  was  scrul)bed  with 
soap  and  water,  washed  out  with  peroxide  of  hydrogen  and  packed  with 
gauze.  Two  days  following,  the  same  treatment  was  repeated.  At  the 
third  dressing,  as  the  wound  seemed  clean,  it  was  allowed  to  grannlate 
over  and  the  patient  was  dismissed. 

Xothing  more  was  heard  of  the  patient  until  December  3,  two 
months  and  five  days  following  the  bite.  On  that  day  the  patient  again 
came  complaining  of  severe  pain  and  numbness  over  the  left  cheek  in 
the  region  of  the  previous  bite.     The  office  notes  were  as  follows: 

Woman.  32  years,  well  nourished,  married,  two  children,  one  mis- 
carriage, mother  and  father  and  one  sister  living;  mother  well;  father 
has  ill  health,  of  which  the  cause  was  not  ascertained,  previous  history 
uneventful.  Had  neuralgia  of  right  side  of  face  some  years  ago.  Xo 
other  ailments.     Xo  history  of  hysteria  or  other  neuroses. 

The  pain  of  which  the  patient  complains  is  localized  on  the  left 
cheek  in  the  region  of  the  scar  of  the  previous  bite.     It  commenced 
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two  days  ago  as  a  mild  aching  and  nnnibness  in  that  region  and  has 
been  gradually  growing  more  severe.  There  is  little  swelling  and  only 
slight  tenderness  on  pressure  over  the  area  of  pain.  There  is  complaint 
of  some  difficulty  in  opening  the  mouth  owing  to  pain  in  the  temporo- 
maxillary  articulation.  Patient  complains  of  loss  of  sleep.  Tempera- 
ture 98.8°  F.     Pulse  100. 

Diagnosis:  facial  neuralgia.     Treatment:  phenacetine  and  salicylates. 

Dec.  4.  Patient  at  office.  Tenderness  most  marked  over  the  site  of 
the  bite.  Pain  paroxysmal  in  character,  running  along  the  ramus  of 
lower  jaw,  up  the  side  of  head,  in  front  and  back  of  left  ear,  and  back 
along  the  left  sternocleidomastoid  muscle.  As  patient  complains  of 
difficulty  in  swallowing  I  give  her  a  glass  of  water  to  drink.  She  raises 
the  glass  to  her  lips,  gives  a  short,  jerky  inspiration,  and  swallows  the 
liquid.     Suspecting  rabies,  I  call  Dr.  Hunter  in  consultation. 

Patient  carefully  examined.  No  throat  lesions.  No  decayed  teeth. 
No  ear  trouble.  Tenderness  sharply  localized  over  the  area  supplied  by 
middle  branch  of  fifth  nerve.  Temp.  99.4°.  Diagnosis:  neuralgia  of 
middle  branch  of  fifth  nerve  or  beginning  rabies.    Treatment,  morphine. 

December  5.  Fifth  day  of  disease.  Called  at  4  a.  m.  Patient  has 
spent  a  bad  night  with  little  sleep.  Excruciating  pain  over  same  area 
as  described.  Mouth  opened  with  more  difficulty.  Can  swallow  saliva, 
but  if  she  attempts  to  drink  water,  tea  or  milk  she  takes  a  number  of 
short,  quick,  catchy  inspirations,  her  eyes  start  from  her  Head,  she 
looks  wildly  about,  then  swallows  the  fluid  with  a  gulp.  The  swallow- 
ing seems  a  great  effort  and  tires  her.  Temperature  99°.  Pulse  108. 
Heart,  lungs,  and  abdomen  normal.  No  enlarged  spleen.  Bowels  con- 
stipated. Urine,  acid,  1024.  No  albumin,  or  sugar.  Vrea  2.5  per 
cent.     No  casts,  blood  or  leucocytes.     Diagnosis:  suspected  rabies. 

December  5,  4  p.  m.  Patient  resting  easier.  Laryngeal  and  respira- 
tory spasms  more  pronounced.  Now  even  the  taking  of  a  glass  of  fluid 
into  her  hand  causes  a  faint  spasm.  As  she  puts  the  liquid  to  her  lips 
her  hand  will  shake  violently,  the  catchy  inspirations  will  begin,  and 
it  seems  almost  impossible  for  her  to  swallow.  She  can  swallow  solids, 
though  with  some  difficulty.  With  the  exception  of  the  laryngeal 
spasms  and  the  pain,  she  seems  perfectly  normal.  Sits  up  in  a  chair, 
talks  with  her  friends,  and  is  undisturbed  mentally.  Temperature 
99.2°.     Pulse  110,  irregular  and  rapid.     Eespirations  normal. 

December  G,  8  a.  m.  Drs.  Hunter  and  Sweeney  in  consultation. 
Sleepless  night.  Has  taken  little  nourishment  and  no  fluids.  Com- 
plains much  of  thirst.     Bowels  moved.     Temperature  100°.     Pulse  110. 
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Respiratory  and  laryngeal  spasms  on  taking  fluids.  Applications  of 
snow  to  face  or  arm  causes  the  spasms.  Pupils  react  to  light  and 
accommodation.  Reflexes  feebly  present.  Knee-jerk  absent  in  right 
leg.  present  in  left  leg.  J^o  ankle-clonus.  ]^o  areas  of  hyperajsthesia. 
On  left  tonsil  \yhite  exudate  \vhich  is  remoyed  with  swab,  supposed  to 
be  due  to  a  strong  solution  of  sulphuric  acid  used  by  her  mother  for 
swabbing  out  the  throat.  Heart,  lungs,  and  abdomen  normal.  Treat- 
ment: morphine:  fluid  enemata. 

December  6,  4  p.  m.  Xo  change.  Slept  some  after  the  morphia. 
Laryngeal  and  respiratory  spasms  present  on  taking  liquids;  also,  in 
less  pronounced  degree,  on  taking  solids.  Complains  bitterly  of  thirst 
but  can  scarcely  be  induced  to  attempt  to  drink.  Temperature  101°. 
Pulse  108.  Respiration  normal.  Cocainized  pharynx  and  gave  one 
pint  of  milk  by  stomach-tube. 

December  6,  12  p.  m.  Pain  in  face  not  complained  of.  Laryngeal 
and  respiratory  spasms  manifested  as  before.  Temperature  101°. 
Pulse  110.     Gave  one  pint  of  milk  by  stomach-tube;  also  morphia. 

December  7,  9  a.  m.  Dr.  Jones  in  consultation.  Patient  seems  brighter 
and  more  cheerful.  Slept  some  during  the  night.  Can  swallow  oysters 
and  crackers  moistened  in  water.  On  offering  her  some  milk  to  drink 
she  pleads  not  to  be  asked  to  try  but  finally  takes  a  swallow  only  to 
exhibit  the  same  laryngeal  and  respiratory  spasms  in  a  more  pro- 
nounced degree.  ISTow  as  she  attempts  to  take  fluid  her  eyes  bulge, 
she  clutches  a  support  to  sustain  herself,  her  whole  body  seems  in  a 
violent  tremble,  and  as  the  fluid  touches  her  lips  there  comes  a  series 
of  quick  respirations,  followed  by  a  convulsive  cough  which  blows  the 
milk  out  of  her  mouth  over  herself  and  the  bed  clothes.  Temperature 
100.5°.  Pulse  120.  Bowels  moved.  Gave  one  pint  of  milk  by  stom- 
ach-tube; also  bromides. 

December  T,  5  p.  m.  Temperature  101.5°.  Pulse  120.  Tongue 
coated  white,  phar^'nx  normal.  Eyes  bright.  Mind  clear.  No  sleep. 
Treatment,  morphia.     Milk  and  water  by  stomach-tube. 

December  7,  12  p.  m.  Patient  seems  languid  and  tired.  Wants  to 
sleep  but  cannot.  Face  flushed,  eyes  bright.  Laryngeal  and  respiratory 
spasms  easily  produced.  Temperature  102°.  Pulse  130.  No  rose 
spots.  No  t}Tnpanites.  No  enlarged  spleen.  Heart  and  lungs  normal. 
Give  eggs  and  one  pint  of  milk  by  stomach-tube,  also  morphia  to  in- 
duce sleep. 

December  8,  8  a.  m.  Dr.  Hunter  in  consultation.  Patient  passed 
a  good  night.     Lar3'ngeal  and  respiratory  spasms  present.     Knee-jerk 
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absent.  Pupils  react  to  light  and  accommodation.  No  ankle-clonus. 
Superficial  reflexes  normal.  'No  rose  spots.  No  enlarged  spleen,  nor 
tympanites.  Temperature  103.2°.  Pulse  130.  Take  blood  for  Widal 
test.     Give  2  eggs,  milk  and  whiskey  by  stomach-tube.     No  morphia. 

December  8,  4  p.  m.  Patient  complains  of  pain  in  upper  abdomen, 
extending  around  the  body.  Stomach  distended  with  gas.  Tempera- 
ture 102.8°.  Pulse  120.  Blood  examination:  leucocytes,  6000;  red 
corpuscles,  5,500,000.  Haemoglobin  90  per  cent.  Widal  test  (State 
Board  of  Health  Laboratory)  gives  a  positive  typhoid  reaction  (see 
p. '456).     Give  2  eggs,  milk  and  whiskey  by  stomach-tube. 

December  8,  8  p.  m.  Patient  seems  better.  Complains  of  pain  in 
limbs  and  back.  Mind  clear.  Laryngeal  and  respiratory  spasms  pres- 
ent. Temperature  102.5°.  Pulse  120.  Tongue  coated  white.  No 
morphia. 

December  9,  8  a.  m.  Patient  complains  of  pain  in  abdomen  which 
is  relieved  when  bowels  move.  Laryngeal  and  respiratory  spasms 
still  severe.  Lungs  and  heart  normal.  No  rose  spots.  No  tympanites. 
No  enlarged  spleen.  Urine  1024,  acid,  a  trace  of  albumin,  no  sugar, 
urea  3  per  cent.  No  casts,  leucocytes  or  blood  corpuscles.  Temperature 
102.2°.     Pulse  120.     Ate  six  oysters  and  took  a  few  swallows  of  milk. 

December  9,  8  p.  m.  Patient  slept  some  during  the  day.  Laryngeal 
and  respiratory  spasms  not  so  pronounced.  Temperature  103.2°.  Pulse 
120.  Kuee-jerk  absent.  No  ankle-clonus.  Sensation  normal.  Grasp 
of  right  and  left  hand  unimpaired.  Pupils  react  to  light  and  accom- 
modation.    Patient  drinks  a  cup  of  milk.     No  morphia. 

December  10,  8  a.  m.  Patient  delirious  with  rational  intervals.  No 
sleep  during  the  night.  Had  hallucinations  of  being  drowned,  of  the 
house  on  fire,  of  persecution.  Occasionally  patient  had  a  general 
tremor  of  the  whole  body.  Temperature  102°.  Pulse  110,  irregular. 
Had  eaten  some  bread  and  milk. 

December  10,  8  p.  m.  Patient  extremely  nervous.  Fingers  twitch. 
Casts  furtive  glances  this  way  and  that.  Low,  incoherent  muttering. 
Temperature  101°.  Pulse  130.  Passes  urine,  and  bowels  move.  Has 
taken  milk  and  broth. 

December  11,  3  a.  m.  Called  in  haste.  Patient  in  violent  delirium. 
Had  gotten  out  of  bed,  knocked  down  nurse,  and  run  out  of  doors. 
Patient  tries  to  tear  her  clothing,  bites  at  those  about  her.  Has  to  be 
held  by  force.  Quieted  by  one-half  grain  of  morphia.  Temperature 
103°.  Pulse  120.  Urine,  1022,  large  amount  of  albumin.  No  sugar. 
L^ea  4  per  cent.,  a  few  pus  cells,  with  a  few  hyaline  casts  and  cylindroids. 
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December  11,  8  s\.  m.  Dr.  Hunter  iu  consultation.  Patient  perfectly 
rational.  Recognizes  those  about  her.  Talks  sensibly,  but  there  are 
occasional  twitchings  about  the  eyes.  Quick  glances  this  way  and  that. 
Takes  little  nourishment.  Temperature  102.2°.  Pulse  110.  Calomel 
administered  to  move  the  bowels. 

December  11,  8  p.  m.  Patient  seems  worse.  Muttering  delirium. 
Constant  twitching  of  muscles  of  whole  body.  Eyes  bright,  face  red 
and  injected.  Tongue  flabby  with  pasty  coat.  Passes  urine  and  bowels 
move.  Temperature  104°.  Pulse  110.  Treatment:  morphia  (^  gr.), 
whiskey  and  strychnia. 

December  12,  10  a.  m.  Patient  does  not  recognize  me.  Seems  more 
quiet,  inclined  to  lie  still.  Has  taken  three  or  four  cups  of  water  and 
some  milk.  She  drinks  now  without  the  occurrence  of  spasms.  Severe 
attacks  of  trembling  of  whole  body  or  of  one  limb,  then  of  another. 
Urine  1028.  Large  amount  of  albumin,  a  few  hyaline  casts.  Tempera- 
ture 102.2°.     Pulse  140.     Treatment:  whiskey  and  strychnia. 

December  12,  8  p.  m.  Dr.  Sweeney  in  consultation.  Patient  worse. 
Has  hoarse  cough,  rapid  respirations.  There  is  an  increased  flow  of 
saliva  from  mouth.  Muttering  delirium;  picking  at  bedclothes;  violent 
shaking  of  limbs.  Heart,  normal.  Lungs:  fine,  mucous  rales  at  bases. 
Abdomen  normal.     Take  blood  for  Widal  test. 

December  13,  8  p.  m.  Thirteenth  day  of  disease.  Patient  has  had 
no  sleep,  speech  thick  and  incoherent.  Can  be  aroused  but  if  left  alone 
lies  in  a  semi-conscious  state.  Temperature  102°.  Pulse  130.  Blood 
examination:  red  corpuscles,  5,120,000;  leucocytes,  14,500. 

Widal  test  (State  Board  of  Health  Laboratory)  gives  a  positive  typhoid 
reaction  (p.  457).  Notwithstanding  this  report  there  is  little  clinical 
evidence  of  typhoid  fever.  The  leucocyte  count  in  the  second  week 
of  uncomplicated  typhoid  would  not  be  increased.  Typhoid  fever  is 
therefore  not  the  probable  diagnosis. 

The  laryngeal  and  respiratory  spasms  are  again  produced  by  the  swal- 
lowing of  solids  or  liquids  or  the  putting  of  one's  hands  on  the  body 
or  wiping  away  mucus  from  the  mouth. 

December  13,  8  p.  m.  Patient  is  unconscious.  Has  taken  no  nour- 
ishment. Short,  sharp,  muscular  contractions  sweep  over  the  arms  and 
legs.  Temperature  102°.  Pulse  140.  Respirations  feeble  and  super- 
ficial. There  is  an  occasional  mucous  rattle  in  the  trachea.  It  does 
not  seem  possible  that  the  patient  can  long  sur\dve. 

December  14.  Patient  died  at  5  a.  m.  in  an  unconscious  state,  the 
respirations  being  previously  rapid  and  superficial  and  the  heart's  action 
irregular. 
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Autopsy,  16  hours  after  death,  the  body  having  been  kept  at  low  tem- 
perature.    A  complete  examination  was  not  permitted. 

Body  well  nourished.  Eigor  mortis  pronounced.  Scar  on  left  cheek. 
Patchy  livores  mortis  over  posterior  surface  of  body. 

Dura  adherent  along  superior  longitudinal  sinus.  No  other  adhe- 
sions. Slight  hyperemia  of  dura,  which  is  not  thickened.  Pia  some- 
what hyperaemic,  free  from  exudate. 

An  incision  was  made  with  sterilized  scalpels  into  left  lateral  ventricle 
and  1  cc.  of  clear  serum  was  removed  in  a  sterilized  pipette,  the  end  of 
the- pipette  being  immediately  sealed  in  a  flame. 

Cerebral  convolutions  well  developed  and  normal.  No  exudate  or 
effusion.  No  adhesions.  No  areas  of  softening.  Vessels  somewhat 
injected.  Punctate  oozing  on  section  of  brain.  Meningeal  vessels  nor- 
mal. No  tubercles,  emboli,  thrombi,  or  adhesions.  Cerebellum  normal. 
Basal  ganglia  normal. 

The  third  ventricle  was  opened  with  a  sterile  knife,  and  by  means  of 
a  sterile  pipette  some  bloody  fluid  was  withdrawn,  the  ends  of  the 
pipette  being  at  once  sealed  in  a  flame. 

The  medulla  and  pons  Varolii  were  removed  with  sterilized  instru- 
ments and  placed  in  a  sterilized  flask. 

A  complete  post-mortem  examination  not  being  allowed,  the  abdom- 
inal cavity  was  opened  by  a  median  incision  only  10  cm.  long.  There 
were  no  adhesions  or  increase  of  fluid  in  the  peritoneal  cavity.  The 
peritoneum  and  the  intestines,  both  small  and  large,  showed  no  ab- 
normality. Parts  of  the  caecum  and  ileum  were  removed.  Peyer's 
patches  and  the  solitary  follicles  were  not  affected. 

The  right  kidney  was  somewhat  enlarged  and  congested.  Capsule 
stripped  off  with  ease.  Dark  red  areas  were  scattered  over  the  cortex. 
The  left  kidney  presented  the  same  appearance.  Pieces  of  kidney  re- 
moved and  placed  in  95  per  cent  alcohol.  Liver  appeared  normal. 
Spleen  was  not  enlarged.  All  tissues  and  fluids  taken  at  the  autopsy 
were  kept  on  ice  until  taken  to  the  State  Board  of  Health  Laboratory 
13  hours  later. 

PATHOLOGICAL  AND  BACTEKIOLOGICAL  REPORT. 

By  Louis  Blanchard  Wilson,  M.  D. 

{From  the  Bacteriological  Lahoi'atory  of  the  Minnesota  State  Board  of  Health.) 

The  connection  of  the  laboratory  with  the  case  of  which  the  clinical 
history  has  been  given  by  Dr.  Head,  began  with  the  receipt,  on  Dec.  8, 
1897,  of  a  specimen  of  blood  for  examination  for  the  serum  reaction  for 
typhoid  fever.     The  specimen  was  dried  on  a  visiting  card,  and  con- 
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sequently  only  a  colorimetric  estimate  oi"  the  dilution  employed  could 
be  made.  The  reaction  was  present  in  a  dilution  of  1:25  so  estimated. 
On  Dec.  13,  another  specimen  collected,  weighed  and  accurately  diluted 
after  the  author's  method,*  was  found  to  give  a  good  reaction  in  a 
dilution  of  1:25,  partial  in  1:50,  and  a  trace  in  1:100.1  In  consequence 
of  these  two  reactions  special  care  was  taken  in  the  bacteriological  ex- 
amination of  the  specimens  secured  at  the  autopsy. 

On  December  15,  at  9  a.  m.,  there  Avere  received  at  the  laboratory: 
one  sealed  bulb,  containing  about  1  cc.  of  fluid  from  the  left  lateral 
ventricle  of  the  brain;  a  similar  bulb,  with  about  0.5  cc.  of  fluid  from 
the  third  ventricle;  the  lower  two-thirds  of  the  medulla,  with  about 
1  cm.  of  the  cervical  cord,  in  a  sterile  flask  plugged  with  cotton  wool  and 
about  2  ccm.  of  the  pons,  which  had  been  placed  in  4  per  cent  formal- 
dehyde solution  at  the  autopsy;  and  a  portion  of  one  kidney  wrapped  in 
gauze.  Later  there  was  also  received  another  portion  of  the  kidney, 
which  had  been  placed  in  80  per  cent  alcohol  at  the  time  of  the  autopsy. 

CoversUp  preparations.  .  Four  coverslip  preparations  each  were  made 
from  the  fluid  from  the  left  ventricle,  from  that  from  the  third  ven- 
tricle, from  the  substance  of  the  medulla  and  from  that  of  the  kidney. 
They  were  stained  with  methylene-blue  and  eosine.  Those  from  the 
lateral  ventricle  showed  very  few  cocci,  and  two  or  three  bacilli  rather 
unevenly  stained.  In  those  from  the  medulla  were  found  a  few  isolated 
cocci.     No  bacteria  were  found  in  any  of  the  others. 

Sections. — Kidney.  In  a  portion  of  kidney  placed  in  alcohol  at  the 
autopsy,  many  of  the  glomeruli  were  apparently  normal.  A  few  showed 
more  or  less  complete  hyaline  degeneration  and  some  cloudy  swelling, 
with  disappearance  of  the  nuclei  of  the  epithelium  of  the  convoluted 
tubules.     jSTo  bacteria  could  with  certainty  be  distinguished. 

Nerve  tissues.  Portions  of  tissue  from  the  pons,  medulla  and  cord 
were  fixed  and  hardened  in  96  per  cent  alcohol,  embedded  in  celloidin 
and  in  paraffine,  and  sections  3,  5,  10  and  20  microns  in  thickness  cut 
therefrom.     These  were  stained  by  Nissl's  method,  by  Weigert-Gram, 

*  Wesbrook  and  "Wilson,  Philadelphia  Med.  .Journ.,  1S9S,  i,  549. 

t  These  reactions  are  perhaps  explicable  on  either  of  two  hypotheses: 
(o)  a  typhoid  infection  existed,  and  other  pathological  evidence  of  it  was 
not  obtained,  owing  to  the  incomplete  autopsy  permitted;  (h)  though  no 
historj"  of  a  previous  typhoid  fever  was  elicited,  the  exclusion  of  a  pre- 
vious tj'phoid  infection  would  seem  1o  be  almost  impossible,  since  the 
patient  had  been  for  years  a  resident  of  a  citj'  in  which  for  a  decade 
typhoid  fever  has  been  endemic,  and  from  the  public  water-supplj'  of  which 
the  typhoid  bacillus  was  isolated  a  year  ago  (See  Wilson  and  WesbrooK, 
British  Med.  Journ.,  1897,  ii,  1774.) 
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and  by  Loffler's  methylene-blue  alone.  The  walls  of  some  of  the  ves- 
sels were  thickened.  Wliere  this  occurred,  the  vessels  were  filled  with 
blood,  and  the  walls  infiltrated  with  leucocytes.  In  some  instances  the 
perivascnlar  spaces  were  completely  filled  with  leucocytes.  No  accurate 
determination  of  the  condition  of  the  nerve  fibres  could  be  made  by  the 
methods  employed.  With  Nissl's  stain,  many  of  the  cells  of  the  grey 
matter  of  each  of  the  regions  studied  appeared  to  be  perfectly  normal. 
A  large  number  of  these  cells,  however,  showed  chromatolysis  in  varying 
degrees,  from  simple  irregularity  and  subdivision  of  the  Nissl  granules 
to  the  almost  complete  disappearance  of  the  chromatin.  In  most  in- 
stances the  periphery  of  the  cell-body  was  least  affected.  Where  chro- 
matolysis was  at  all  marked,  the  nucleus  and  nucleolus  were  in  most 
cases  eccentrically  placed.  In  a  few  instances,  the  nucleus  was  dis- 
torted in  shape;  in  others  enlarged,  irregularly  crescentic  nucleoli  were 
present.  Apparent  complete  absence  of  processes  from  some  of  the 
most  affected  cells  was  noted. 

The  foregoing  changes  were  common  to  pons,  medulla  and  cord.  In 
addition,  in  the  medulla  and  cord — which  had  been  13  hours  longer  out 
of  preserving  fluid — were  found  occasional  cells,  in  which  the  nucleoli, 
while  not  enlarged,  were  partially  divided,  the  nuclei  stained  light  blue 
throughout  and  the  cell-body  was  filled  with  well-stained,  finely  divided 
granules,  the  otherwise  even  distribution  of  which  was  broken  up  by 
"  vacuoles."  The  writer,  however,  agrees  with  Ewing  *  and  others  in 
considering  these  cadaveric  rather  than  vital  changes. 

In  the  sections  of  the  pons  and  medulla  stained  by  Weigert-Gram  and 
by  Loffler's  methylene-blue,  several  groups  of  bacilli  were  found.  These 
in  size,  shape  and  staining  characteristics  could  not  be  distinguished 
from  Bacillus  diphtheriae,  and,  in  view  of  the  cultural  findings  to  be 
described  later,  in  all  probability  were  such.  The  groups  consisted  of 
two  to  five  individuals  each  and  were  located  within  the  bodies  of  the 
larger  nerve  cells.  They  were  not  observed  in  the  vessels  or  perivas- 
cular spaces. 

Though  many  observers,  among  others  Loffler.f  Kolisko  and  Pal- 
tauf,:}:  Strelitz,§  Johnston,||  Abbott  and  Ghriskey,^  Flexner,**  Frosch,-|"|- 

*  Ewing,  J.,  N.  Y.  Med.  Record,  1898,  liii,  513. 

t^offler,  Mittlieil.  a.  d.  k.  Gesnndheitsamte,  1884,  ii,  421. 

X  Kolisko  and  Paltauf,  Wicn.  kl.  Wochenschr.,  1889,  ii,  147. 

§  Strelitz,  Arch.  f.  Kitiderheilk.,  1891,  xiii,  468. 

II  Johnston,  Montreal  Med.  Journ.,  1891,  xx,  161. 

^  Abbott  and  Ghriskey,  Bulletin  of  the  Johns  Hopkins  Hospital,  1S93,  iv,  29. 

**  Flexner,  Ibid,  iv,  32. 

tt  Frosch,  Zeitschr.  f.  Hyg.,  1893,  xiii,  49. 
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Booker,*  Canon,t  Xutsclier.J  Wriglit§  and  Stoke8,||  Belfanti,^ 
Kaiitliaek  and  Stephens,**  and  Flexner  and  Andei-son,ff  (tlie  last 
two  papers  contain  good  reviews  of  the  previous  literature)  have  dem- 
onstrated the  presence  of  B.  diphtheria}  in  the  internal  organs  of  pa- 
tients dead  of  clinical  diphtheria,  or  similarly  in  animals  dead  from 
experimental  inoculation,  yet,  so  far  as  I  am  aware,  Frosch  alone  has 
hitherto  shown  their  presence  within  the  central  nervous  system. 

Cultures.  Tubes  of  plain  bouillon,  glycerine  agar  and  glycerine 
serum  were  sown  direct  from  the  bulb  of  ventricular  fluid,  from  the 
substance  of  the  central  portion  of  the  medulla,  and  from  the  kidney. 
The  latter  was  then  wrapped  in  1:1000  bichloride  gauze,  incubated  for 
24  hours  and  second  cultures  were  made. 

Of  four  tubes  of  solid  media  inoculated  from  the  right  ventricle  one 
— serum — developed  3  colonies  of  a  bacillus  indistinguishable  in  cover- 
slip  preparations  from  B.  diphtherige — and  shown  later  to  be  such — 
and  one  colony  of  a  diplococcus.  Another — agar — developed  one  colony 
of  a  diplococcus.  The  broth  cultures  gave  both  B.  diphtherias  and 
diplococci.  Four  tubes  from  the  third  ventricle  gave  two  to  ten  colonies 
each  (broth  abundant  growth),  about  two-thirds  of  which  were  B.  diph- 
theria and  the  remainder  streptococci  and  diplococci. 

Though  the  sowings  from  the  medullary  substance  were  abundant 
only  two  of  seven  tubes  showed  growth.  One  of  these — agar — gave  one 
colony  of  diplococci  and  the  other — broth — many  B.  diphtherias  and  dip- 
lococci. 

From  the  kidney  a  few  colonies  of  a  large  white  staphylococcus  and 
an  abundant  growth  of  B.-  coli  communis  developed. 

The  diphtheria-like  bacillus  was  isolated  and  carefully  compared  with 
specimens  of  known  virulent  diphtheria  bacilli.  Parallel  cultures  were 
made  on  Loffler's  and  glycerine  serum,  on  plain  glycerine  and  litmus- 
lactose  agar,  on  plain  and  glucose  gelatine,  on  potato,  in  plain  glyc- 
erine, glucose  and  sugar-free  bouillon,  and  in  plain  and  litmus  milk. 
The  cultures  were  compared  as  to  rate  and  character  of  growth,  reaction 
of  the  media  and  appearance  of  stained  preparations.  In  no  particular 
did  the  organism  under  investigation  differ  materially  from  those  with 

*  Booker,  Arch,  of  Pediatrics,  1893,  x,  642. 

t  Canon,  Deutsche  mcd.  Wochetischr.,  1893,  p.  1038. 

t  Kiitscher,  Zeitschr.  f.  Hyg.,  1894,  xviii,  1G7. 

§  Wright,  Boston  Med.  and  Surg.  Journ.,  1894,  cxxxi,  329;  357. 

II  Wright  and  Stokes,  Ibid,  1895,  cxxxii,  271;  293;  330.     Stokes,  ibid,  1895, 
cxxxiii,  581. 

jj  Belfanti,  Lo  Sperimentale,  Se.z.  biol.,  1895,  xlix,  278. 

^■"  Kanthack  and  Stephens,  Journ.  of  Path,  ana  Bact.,  1896-7,  iv,  45. 

tt  Flexner   and  Anderson,    BuUetin    of   the  Johns  Hopkins   Hospital,   1898, 
ix,  72. 
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which  it  was  compared.  In  the  earlier  cultures — on  glj'Cerine  serum — 
it  produced  involution  forms  (large  clubbed  and  "  ghost "  forms)  some- 
what more  quickly  than  the  controls,  but  this  property  was  lost  by  the 
time  the  tenth  generation  was  reached. 

Animal  inoculations  with  cultures.  In  order  to  determine  the  viru- 
lence and  identity  of  the  bacillus,  guinea-pigs  were  inoculated,  with  the 
results  shown  in  Table  I. 

It  will  be  seen  from  the  experiments  recorded  in  Table  I  that  the 
bacillus  under  investigation  possessed  an  ordinary  degree  of  virulence, 
that  the  autopsy  findings  were  the  same  as  those  in  death  from  known 
diphtheria  bacilli,  that  in  every  instance  the  organism  was  recovered  in 
pure  culture  and  unchanged  morphologically  or  culturally  from  the 
seat  of  inoculation  (though  from  no  other  part  of  the  body)  and  that 
diphtheria  antitoxine  invariably  protected  against  otherwise  fatal  doses 
of  the  organism. 

For  experimental  purposes  a  toxine  was  prepared  by  growing  the 
bacillus — tenth  generation  from  the  original  source — for  23  days  in 
sugar-free  bouillon  in  the  incubator,  and  filtering  through  a  Chamber- 
land  filter.  Its  toxicity  was  then  tested  with  the  results  shown  in 
Table  II,  p.  462. 

Rabbit  No.  1,  weight  2860  grammes,  whose  serum  had  been  shown 
by  inoculation  tests  to  be  not  antidiphtheritic,  was  then  immunized  by 
increasing  doses  of  the  toxine  prepared  as  described  above,  and  finally 
by  inoculation  with  a  living  culture  of  the  bacillus.  The  rabbit  was 
then  bled  and  its  serum  used  as  noted  in  the  experiments  given  in 
Table  III,  p.  463. 

Inoculations  to  determine  the  presence  of  the  virus  of  rabies.  About 
0.5  ccm.  from  the  central  portion  of  the  medulla  of  Mrs.  E.,  received 
as  noted  above,  was  removed  in  a  sterile  manner  and  with  sterile  0.67 
per  cent  sodium  chloride  solution  made  into  as  thick  an  emulsion  as 
could  be  passed  through  an  ordinary  hypodermic  needle.  With  this 
emulsion  the  following  inoculations  were  made: 

Rabbit  No.  2.  Weight  1120  grammes.  Inoculated  December  15,  1897, 
11  a.  m.,  in  left  subdural  space  with  0.2  ccm.  of  emulsion  above  men- 
tioned. 

Appeared  perfectly  well  until  9  a.  m.  Jan.  4,  1898,  20  days  after 
inoculation,  at  which  time  it  showed  disinclination  to  move,  and  when 
made  to  hop  exhibited  weakness  in  posterior  extremities  with  slight 
incoordination.  Temperature  35.7°  C.  11.30  to  12  m.  incoordination 
became  much  more  marked.  Animal  very  restless,  moving  about  con- 
stantly and   grinding  its  teeth   frequently.     During  afternoon   animal 
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remained  quiet.  Jan.  6,  1898,  9  a.  m.,  rabbit  found  lying  on  side, 
stretched  out,  head  thrown  backwards,  all  power  of  motion  in  posterior 
extremities  apparently  gone.  Temperature  35.5°  C.  1  p.  m.,  condi- 
tion unchanged.  Sniffed  at  food  which  was  placed  near  nose  but  did 
not  attempt  to  eat.  (Culture  from  throat  taken  at  5  p.  m.,  Jan.  4, 
showed  staphylococci,  streptococci  and  short  slender  bacilli,  uniden- 
tified.) Jan.  6,  8  p.  m.,  22  daj^s  after  inoculation,  rabbit  was  found 
dead  and  in  rigor  mortis. 

Autopsy  9  p.  m.,  Jan.  6.  Marked  injection  of  vessels  of  pia;  minute 
extradural  plastic  exudate  at  seat  of  inoculation;  mouth  and  trachea 
clear  of  mucus;  vessels  of  trachea  not  congested;  small  light-colored 
patch  on  inferior  border  of  median  lobe  of  liver;  bladder  much  dis- 
tended and  -its  vessels  injected;  other  organs  normal. 

Cultures  made  from  pia,  fourth  ventricle,  and  heart's  blood,  all  re- 
mained sterile.  Those  from  substance  of  medulla  gave  abundant  pure 
growth  of  a  bacillus  with  the  same  morphological  and  cultural  charac- 
teristics as  that  obtained  from  the  original  source  and  identified  as  the 
diphtheria  bacillus. 

Babbit  No.  3.  Weight  1270  grammes.  Inoculated  at  same  time 
(Dec.  15),  in  the  same  manner,  and  with  the  same  substance  and  dose 
as  Eabbit  No.  2. 

Jan.  5,  9  p.  m.,  21  days  after  inoculation,  animal  showed  first  symp- 
toms. History  similar  to  that  of  Eabbit  No.  2,  excepi,  that  at  no  time 
was  any  excitement  present,  and  that  much  flowing  of  saliva  was  noted 
throughout  the  second  day  after  the  appearance  of  symptoms.  Death 
Jan.  6  at  11  p.  m.,  22  days  after  inoculation. 

Autopsy  findings  parallel  with  those  of  No.  2,  except  that  the  throat 
was  filled  with  mucus  and  the  trachea  was  slightly  injected  in  upper 
portion.  The  liver  was  apparently  normal.  Cultures  from  surface  of 
brain  at  seat  of  inoculation  and  heart's  blood  remained  sterile.  Those 
from  substance  of  medulla  developed  pure  growth  of  B.  diphtheriae. 

Though  the  Bacillus  diphtherias  was  recovered  in  pure  culture  from 
the  central  nervous  system  of  Eabbits  Nos.  2  and  3,  yet  the  clinical 
history  aad  gross  autopsy  findings  in  the  animals  were  so  like  those 
observed  in  rabbits  inoculated  subdurally  with  the  virus  of  known 
rabies  that  it  was  impossible  to  decide  whether  death  had  been  caused 
by  the  virus  of  rabies,  by  the  diphtheria  bacillus,  or  by  a  combined  in- 
fection with  the  two.  Hence  the  following  inoculations  were  made  from 
the  substance  of  the  medulla  of  Eabbit  No.  2. 

Babbit  No.  4-  Weight  1390  grammes.  Inoculated  2  p.  m.,  Jan.  6, 
1898,  in  left  subdural  space  with  0.2  ccm.  of  thick  emulsion  of  medulla 
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of  Rabbit  No.  2  in  O.GT  per  cent.  NaCl.  solution.  (A  small  quantity  of 
the  emulsion  escaped  from  the  wound  in  the  dura  on  the  withdrawal 
of  the  needle.) 

Ixabbit  remained  ai)parently  well  up  to  and  including  4  p.  m.,  Feb.  1. 
1898.  Found  dead  and  in  rigor  mortis  9  a.  m.,  Feb.  2,  27  days  after 
inoculation. 

At  autopsy  animal  very  much  emaciated.  Pia  slightly,  congested. 
Trachea  normal.  Liver  congested,  not  markedly  enlarged.  Gall  blad- 
der much  distended.  Urinary  bladder  distended.  All  other  gi'oss 
findings  negative.  Cultures  from  surface  of  pia,  heart's  blood  and  gall 
bladder  all  remained  sterile  after  7  days  in  the  incubator.  Those  from 
the  substance  of  the  medulla  developed  a  few  colonies  of  B.  diphtheriae. 
Eahbit  No.  5.  Weight  1030  grammes.  Inoculated  Jan.  G,  2  p.  m., 
in  left  subdural  space  with  0.2  ccm.  of  the  same  emulsion  as  that  used 
in  inoculating  Eabbit  Xo.  4  {i.  e.  medulla  in  physiological  salt  solution). 
Jan.  23,  10  a.  m.,  17  days  after  inoculation,  the  rabbit  showed  disin- 
clination to  move;  when  compelled  to  hop  exhibited  slight  posterior 
incoordination.  Temperature  38°. 5,  5  p.  m.  Symptoms  grew  rapidly 
worse  during  afternoon — animal  lying  on  side  with  posterior  limbs  com- 
pletely paralyzed.  Found  dead  Jan.  24  at  9  a.  m.,  18  days  after  inocu- 
lation. 

Autopsy.  Body  not  emaciated.  Meninges  very  intensely  congested. 
Trachea  slightly  congested.  Heart  and  adjacent  vessels  engorged  with 
blood.  Liver  very  dark,  congested,  enlarged  and  friable.  Spleen  pale. 
Eight  kidney  slightly  congested.     Other  gross  findings  negative. 

Serum  and  broth  cultures  from  the  meninges  and  substance  of  me- 
dulla gave  a  few  colonies  of  B.  diphtherise.  Similar  cultures  from  the 
ventricles  of  the  brain,  the  heart's  blood,  and  the  spleen,  remained 
sterile  after  5  days  in  the  incubator. 

Bablit  No.  6.  Weight  1210  grammes.  Inoculated  Jan.  6,  1898, 
2  p.  m.,  in  left  subdural  space  w^ith  0.2  ccm.  of  emulsion  prepared  by 
rubbing  up  an  unmeasured  portion  of  the  medulla  of  Eabbit  No.  2  with 
P..  D.  &  Co.'s  diphtheria  antitoxine  (date  of  Oct.  .9,  1897,  2000  units  to 
bulb).  The  emulsion  w'as  as  thick  as  could  be  passed  through  the 
needle  of  a  hypodermic  syringe. 

This  rabbit  has  shown  no  symptoms  up  to  the  present  time,  130  days 
after  the  inoculation. 

Babbit  No.  7.  Weight  970  grammes.  Was  inoculated  Jan.  6.  1898, 
in  the  left  subdural  space  with  0.25  cc.  of  the  same  emulsion  as  that 
used  in  inoculating  Eabbits  Nos.  4  and  5.  Immediately  preceding  this 
inoculation  the   animal   had   been    siven   subcutaneously   in   the   right 
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groin  1  cc.  (about  500  units)  of  antidiphtheritic  serum  (P.,  D.  &  Co.'s 
issue  of  Oct.  9,  1897),  This  rabbit  has  exhibited  no  symptoms  up  to 
the  present  time,  130  days  after  the  inoculation. 

The  extreme  difficulty  of  procuring  rabbits  at  the  time  of  death  of 
Nos.  4  and  5,  coupled  Avith  the  strong  belief  that  Nos.  6  and  7  would 
eventually  die  of  rabies,  was  deemed  sufficient  reason  for  not  carrying 
forward  the  series  from  the  medullse  of  those  already  dead. 

Effects  of  association  of  the  virus  of  rabies  ivith  diphtheria  antitoxine 
and  B.  diphtheriae. — The  experiments  on  Eabbits  Nos.  6  and  7  indicate 
that  the  virus  of  rabies  was  absent  from  the  material  used  to  inoculate 
these  animals  and  presumably  also  from  the  medulla  of  the  patient,  but 
before  this  inference  could  be  justifiably  drawn  it  was  necessary  first  to 
determine  what  influence  diphtheria  antitoxine  may  have  upon  the  virus 
of  rabies  or  upon  a  combination  of  this  virus  with  the  diphtheria  ba- 
cillus. 

In  numerous  experiments  made  in  this  laboratory  large  doses  of  anti- 
diphtheritic  scrum  have  been  administered  subcutaneously  to  rabbits 
just  prior  to  their  inoculation  with  the  fixed  virus  of  rabies,  and  in  other 
instances  with  the  virus  of  street  rabies,  without  any  appreciable  effect 
either  on  the  time  of  onset  or  the  character  of  the  symptoms.  Equally 
without  effect  upon  the  manifestations  of  rabies  was  the  mixture  of  the 
rabic  virus  with  diphtheria  antitoxine  before  inoculation  of  the  animal. 

The  experiments  recorded  in  Table  IV  (p.  467)  were  made  to  deter- 
mine the  efl'ect,  if  any,  on  the  incubation  period,  symptoms,  etc.,  of 
inoculation  of  rabic  virns  simultaneously  with  diphtheria  antitoxine  and 
diphtheria  bacilli. 

It  will  be  observed  from  Table  IV  that  Rabbits  Nos.  P85,  P87,  268, 
270,  were  used  merely  as  controls,  the  first  two  being  inoculated  in  the 
ordinary  manner  with  the  fixed  virus  of  rabies  from  two  different  ani- 
mals, and  the  last  two  with  the  virus  of  street  rabies,  second  generation 
from  a  rabid  dog.  In  Nos.  "P86  and  P88  the  addition  of  diphtheria  anti- 
toxine and  virulent  B.  diphtheriae  to  the  fixed  virus  some  time  before 
inoculation  did  not  appear  to  alter  in  any  way  either  the  incubation 
period,  the  train  of  symptoms,  or  the  autopsy  findings.  Rabbits  Nos. 
P109,  Pill,  P113,  P115,  P117  and  P121  of  Table  V  may  also  be  cited 
in  this  series.  The  diphtheria  bacilli  had  been  in  contact  with  the  living 
nerve  tissue  and  rabic  virus  for  from  2  to  15  days  in  the  material  with 
which  these  latter  animals  were  inoculated,  yet  the  rabic  virus  appeared 
unchanged  thereby. 

In  Rabbits  Nos.  269  and  271,  in  the  inoculation  of  which  to  the  rabic 
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P.  85 

1460 

In  left  subdural  space 

7 

Short  period  of  ex- 

13 

Meninges  and 

(control) 

with  0.2  cc.  of  emul- 
sion of  0.2  cc.  of  me- 
dulla of  rabbit  dead 
of   inoculation    with 
the  lixed  virus  of 
rabies  mixed  with  0.5 
cc.  of  plain  broth. 

citement  followed 
by  stupor;   poste- 
rior     incoordina- 
tion ;       ascending 
paralysis;    retrac- 
tion of  head ;    es- 
cape of  much  sal- 
iva from  mouth ; 
death  in  coma. 

trachea  slightly 
congested. 
Bladderdistend- 
ed.     Serum  and 
broth    cultures 
from    meninges 
and  heart's 
blood  sterile 
after  48  hours 
incubation. 

P.  86 

1520 

Same  as  No.  P.  85  except 
O.Scc.  of  P.,D.&Co's 
diphtheria     antitox- 
ine  (500  units)   used 
instead  of  broth. 
Emulsion  inoculated 
with  1  loopful  of  a 
40-hr.  broth  culture 
of  B.   diphtheria;   }4 
hour  before  inocula- 
tion into  rabbit. 

7 

Same  as  No.  P.  85. 

13 

Same  as 

No.  P.  85. 

P.  87 

3050 

Same  as  No. P.  85  except 

7 

Same  as  No.  P.  85. 

12 

Same  as 

(control) 

medulla    of   another 
rabbit  (dead  of  fixed 
virus  of  rabies)  used. 

No.  P.  85. 

P.  88 

2380 

Same  as  No.P.87  except 
0.5  cc    (500  units)  P. 
D.  &  Go's  diphtheria 
antitoxine    used    in- 
stead of  plain  broth. 
Emulsion  inoculated 
1  hr.  before  use  with 
1  loopful  of  a  serum 
culture  of  a  virulent 
B.  diphtheritf. 

7 

Same  as  No.  P.  85. 

11 

Same  as 

No.  P.  85. 

268 

1300 

In  left  subdural  space 

13 

Excitement  fol- 

15 

Slight    meningi- 

(control) 

with  0.2  cc.  of  emul- 

lowed by  stupor; 

tis;  trachea  con- 

sion of  0.2  cc.  of  me- 

posterior   ascend- 

gested; bladder 

dulla  of  rabbit   No. 

ing  paralysis ;  re- 

distended.   Cul- 

266 (original  from 

traction  of  head; 

tures  from  seat 

street  rabies, Case  33) 

much  saliva 

of     inoculation 

made  up  with  0. 5  cc. 

escaping  from 

and  heart's 

of  plain  broth. 

mouth;     death  in 
coma. 

blood  sterile 
after  48  hrs.  in 

incubator. 
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Inoculation. 
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6  <= 

Symptons. 

c5 

•■H  ~ 

>v  a 
1  = 

Autopsy. 

269      1420 

In   same  manner,  dose 

14 

Slight  excitement 

16 

Same  as  in  No. 

■ 

and  medulla  as  with 

of  animal  noticed 

268,  and  in 

No. 268,  but  emulsion 

on   day  following 

addition  liver 

made  by  using  0.2  cc. 

inoculation  which 

slightly 

of  medulla  to  0..5  cc. 

subsided      within 

congested. 

of  P.  D.  &  Go's  diiih-- 

18hrs.  No  further 

theria  antitoxine(500 

symptoms  till  the 

units).  The  emulsion 

14th     day,     when 

was  inoculated  }.<  hr. 

began    the    iisual 

before    use    with    1 

course  as  observed 

loopful    of    40-hour 

in    rabbits   suffer- 

broth culture  of  vir- 

ing from  rabies. 

ulent  B.  diphtheria. 

270 

2050 

Same  in  every  respect 

19 

Same  as  No.  268. 

21 

Same  as  No.  268. 

(control) 

as  No.  268,  except 
that  the  medulla  of 
rabbit  No.  267  (mate 
to  No.   266,  original 
from    street    rabies, 
Case  33)  was  used. 

271 

2000 

Same  as  No.  269  except 
same  medulla  as  used 
with  No.  270  aud 
emulsion  inoculated 
with  1  loopful  of  24- 
hr.  serum  culture  of 
virulent  B.  diph- 
theriiE  3^  hr.  before 
use. 

20 

Three  days  after 
inoculation  rabbit 
excited,  showed 
some  posterior  in- 
coordination ;    24 
hours  later  less 
excited,  incoordi- 
nation very  slight; 
ate  food  freely. 
72  hours  later 
animal  apparently 
perfectly  well.  No 
further  symptoms 
until  the  20th  day 
after    inoculation 
when    began    the 
usual  course  as  in 
No.  268. 

24 

Same  as  No.  268, 
except  small 
hsemorrhagic 
area — subdural 
— at  site  of 
inoculation. 
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virus  had  been  added  dijilitheria  antitoxine  and  virulent  diphtheria  ba- 
cilli, symptoms  of  slijiht  cortical  irritation  were  present  on  the  first  and 
third  days  respectively  after  trephining.  These  symptoms  rapidly  dis- 
appeared and  the  animals  remained  well  until  the  expiration  of  the  or- 
dinary incubation  period  of  street  rabies  when  they  exhibited  the  same 
train  of  symptoms  as  their  controls,  and  after  death  gave  the  same  au- 
topsy findings. 

The  foregoing  experiments  demonstrate  that  the  medulla  of  Rabbit 
No.  2  (dead  22  days  after  inoculation  with  an  emulsion  of  the  medulla 
of  Mrs.  R.)  could  not  have  contained  the  rabic  virus,  for  if  this  virus 
had  been  present  it  would  have  manifested  itself  in  Rabl)its  Xos.  6  and  7 
which  were  inoculated  with  the  medulla  of  Rabbit  Xo.  2  combined  with 
diphtheria  antitoxine. 

The  question  may.  however,  still  be  raised  whether  a  combined  in- 
fection with  rabies  and  diphtheria  may  not  have  existed  in  the  patient 
and  that  only  the  virus  of  diphtheria  was  transmitted  to  the  rabbits  in- 
oculated with  her  medulla.  As  the  ultimate  findings  could  not  be  antici- 
pated, the  opportunity  of  determining  the  protective  influence  of  diph- 
theria antitoxine  npon  the  animals  inoculated  directly  with  the  medulla 
of  the  patient  was  unfortunately  lost. 

Inasmuch  as  Ronx  *  found  that  the  medulla  and  cord  of  an  animal 
inoculated  4  days  before  with  fixed  virus — ^that  is,  3  days  before  the  ap- 
pearance of  s}Tnptoms — were  capable  of  producing  rabies  when  inocu- 
lated into  other  animals,  it  seems  most  improbable  that  the  virus  of  rabies 
should  not.  if  it  were  originally  present  in  the  medulla  of  the  patient. 
have  been  demonstrable  in  the  medullse  of  the  rabbits  inoculated  with 
this  medulla  and  dying  22  days  after  the  inoculation. 

In  order  to  shed  further  light  upon  the  question  of  the  possibility  of 
a  mixed  infection  in  the  case  of  Mrs.  R.,  the  experiments  recorded  in 
Table  V  were  undertaken  to  determine: 

(a)  How  soon  after  subdural  inoculation  with  the  virus  of  rabies  the 
mediTlla  of  a  rabbit  may  contain  sufficient  virus  to  produce  symptoms  of 
rabies  in  other  animals  inoculated  therefrom. 

(b)  The  effect,  if  any,  on  the  incubation  period,  course  of  symptoms, 
etc.,  in  rabbits  of  inoculation  with  the  medullae  of  rabbits  killed,  during 
the  incubation  period  of  rabies,  by  subdural  inoculation  of  B.  diphtheriae. 

It  will  be  noted  from  Table  Y  that  the  medullse  of  rabbits  ]N"os.  Pi 03 

*  An)wles  de  VInstitut  Pasteur,  1S89,  iii,  77  and  18SS,  ii,  24. 
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P102 

3020  In  left  subdural 

7 

Short  period  of 

13 

Slight  congestion 

* 

space  with  0.3  cc. 

excitement 

of    meninges    and 

o 

of  emulsion  of  0.4 

followed  by 

trachea.       Bladder 

cc.  of    medulla  of 

stupor;  poste- 

distended.    Serum 

o 

rabbit   No.   P.    101 

rior    incoordi- 

and broth  cultures 

o 

(dead  from  inocu- 

nation; 

from  meninges  and 

lation  of  fixed  I'irus 

ascending  par- 

heart's   blood    re- 

of   rabies)   rubbed 

alysis  ;  retrac- 

mained sterile 

up  with  1  cc.  of 

tion   of  head; 

after  48   hours    in 

plain  broth. 

escape  of 
much  saliva 
from  mouth ; 

incubator. 

death  in  coma. 

P103 

IQOOSame  as  No    P.  102, 
except  that  in  ad- 
dition 4  days  later 
animal    was  given 
through  original 
opening  in  skull 
0.3  cc.  of  emulsion 

5 

Much  excite- 
ment ;     poste- 
rior   incoordi- 
nation ; 
ascending  par- 
alysis. 
(Excitement 

7 

Much  congestion  of 
meninges ;   no  pus. 
Tracheacongested. 
Serum  and  broth 
cultures  from  men- 
inges showed  B. 
diphtheria?  pure. 

fP116 

1 

990 

Same    as   No. '. 
emulsion  nit 
of  rabbit  I. 
up  with  pla  b 

of    48-hour    broth 

kept  up  longer 

Similar  cultures 

P117 

960 

Same  as  No.  Ill 

with  a  48-h.  serum 

than  in  rabies.) 

from  heart's  blood 

emulsion  nle 

culture  of  B.  diph- 

Death  in  coma. 

remained  sterile 

0.2  cc.    of  it' 

theriiv. 

after  48    hours   in 
incubator. 

No.   P.  103  i 
cc.)  of  P.  Dc 
antitoxine. 

P104 

1960;Same  as  No.  P.  103, 
except   second   in- 
oculation   H:iven  3 
days  after  tirst. 

4 

Same  as 

No.  P.  103. 

5 

Same  as  No.  P.  103. 

fP112 
P113 

930 

880 

Same  as  No.  IK 
medulla  of  a 
used  for  im 

Same  as  No.    1 

50  units  P.  .  cV 

ria   antito>  e 

L 

making  em -si 

P105 

2470 

Same  as  No.  P.  103, 
except    second   in- 
oculation given    2 
days  after  first. 

3 

Same  as 

No.  P.  103. 

4 

Same  as  No.  P.  103. 

PllO 
JFlll 

2200 
1430 

Same  as  No. 

emulsion  iid. 

of  No.  P.  h- 
Same  as  No. 11" 

P.D.ifcCo.  ii 

ine  used  iEn> 

P106 

2190 

Same  as  No.  P.  103, 
except   second   in- 
oculation   given   1 

2 

Same  as 

No.  P.  103. 

2 

Same  as  No.  P.  103. 

P108 
IPi09 

2200 

Same  as  No.    J 
sion    niadifi 
No.  106. 

day  after  first. 

1980 

Same  as  No.l  0^ 

1 

P.D.&Go.'H 

I 

ine  used  iiti' 

P107 

2200 

Same  as  No.  P.  103 
except  30-day 

1 

Same  as 

No.  P.  103. 

5 

Same  as  No.  P.  103. 

fP114 
1 

940 

Same  as  No. 
sion  made  o^ 
No.  P.  107 

broth    culture    o\ 

i 

1 
P115 

B.  diphtheri;^  used 

1 

900 

SameasNo.l  H 

instead  of  plain 

P.D.&Co-  •ii 

broth  in  making 

ine  used  im 

emulsion. 

- 

*  This  animal  forms  one  generation  iu  the  series  used  in  this  laboratory  for  the  perpetuation  of  the  flsed  vlr  o' 
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Same  as  No.  P.  102, 

9 

Same 

ro 
l.-i 

medulla 
rubbed 

1 
ept  with      7 
bbinp:  up 
f  rabbit 

except  shorter  pe- 
riod from  onset  of 
symptoms  till 
death.     (This  is  al- 
most   always    true 
with  small  rabbits.) 
Same  as  No.  P.  116. 

9 

as  No. 
P.102. 

Same 
as  No. 
P.  103. 

.0 

nits  (O.o! 

's 

phtheria' 
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e 

apt  with      7 
).  P.  104 

Same  as  No.  P.  116. 

11 

Same 
as  No. 

io 

P.  103. 

e 

0. 

ept  that      7 
diphthe- 

Same  as  No.  P.  116. 

10 

Same 
as  No. 

fP120 

1220 

Same  as  No.  P.  116, 
except  medulla  of 

7 

Same 
as  No. 

10 

Same 
as  No. 

used    in' 

P.  103. 

No.  P.  113  used  in 
making  emulsion. 

P.116. 

P.102. 

P121 

1420 

Same  as  No.  P.  120, 
except  50  uts.  P.  D. 
&  Co.'s  diphtheria 
autitoxine  used  in 

7 

Same 
as  No. 
P.116. 

10 

Same 
as  No. 
P.102. 

1 

I 

making  emulsion. 

e; 

^pt  with:     7 

Same  as  No.  P.  102. 

14 

Same 

01 

medulla 

as  No. 
P.102. 

ce 

50  units     7 

Same  as  No.  P.  116. 

10 
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:ei 

antitox-' 

as  No. 

i  t 

ulsion. 

P.102. 
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i)t  emul-      7 

Same  as  No.  P.  102. 

9 
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n 
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Same  as  No.  P.  102. 
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Same  as  No.  P.  116. 
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as  No. 
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to  P107,  inclusive,  dying  from  diphtheria  infection  7,  5,  4,  2,  and  5  days 
respectively  after  snbdnral  inoculation  with  the  fixed  virus  of  rabies  were 
found  to  contain  the  virus  of  rabies  apparently  unchanged. 

Eabbits  Nos.  108  to  117,  inclusive,  comprising  the  second  series  of  in- 
oculations from  the  above  showed  the  same  incubation  period,  train  of 
symptoms  and  post-mortem  lesions  as  control  rabbits  inoculated  in  the 
ordinary  manner  with  the  fixed  virus  of  rabies.  Though  from  each  of 
the  emulsions  used  in  inoculating  these  animals  (Nos.  P108-P117)  B. 
diphtherias  was  grown  in  pure  culture,  yet  the  organism  was  recovered 
from^  the  brains  of  but  half  of  them  after  death.  Its  presence  or  ab- 
sence seemed  not  to  be  determined  by  the  use  or  non-use  of  diphtheria 
antitoxine  in  making  up  the  emulsions,  nor  by  the  length  of  time  elaps- 
ing from  inoculation  till  death. 

Nos.  P120  and  P121,  the  only  animals  inoculated  in  the  third  set, 
gave  the  incubation  period,  train  of  symptoms,  and  autopsy  findings  of 
controls  inoculated  in  the  ordinary  manner.  Diphtheria  bacilli  were 
not  recovered  from  their  brains  after  death  though  the  organisms  were 
present  in  small  numbers  in  the  emulsion  from  which  they  were  inocu- 
lated. 

In  the  light  of  the  experiments  recorded  in  Table  V  it  does  not  seem 
possible  to  doubt  that  if  the  virus  of  rabies  had  really  been  present  in 
the  medulla  of  the  patient,  it  would  have  been  transmitted  in  demon- 
strable form  to  the  medullge  of  the  rabbits  inoculated  therewith,  but,  as 
has  already  been  shown,  such  transmission  did  not  occur,  and  the  infer- 
ence is,  therefore,  warrantable  that  the  rabic  virus  was  absent  from  the 
patient's  medulla. 

Subdural  inoculations  of  B.  diphtheriae. — Some  experiments  have 
been  made  in  this  laboratory  and  others  are  now  in  progress  relating  to 
the  production  of  acute  and  delayed  meningitis  in  rabbits  by  the  sub- 
dural inoculation  of  pure  cultures  of  B.  diphtherige.  The  results  of 
these,  with  report  of  tissue  changes,  are  reserved  until  more  extended 
observations  have  been  made.  One  series,  however,  may  be  given  here. 
B.  diphtherife — nine  generations  removed  from  the  original  source — 
was  grown  23  days  in  sugar-free  bouillon  and  the  following  inoculations 
made: 

Eabbit    8,  weight  2170  g.,  received  0.05  cc.  in  left  subdural  space. 


9 

(C 

2080  g 

(I 

0.1  cc. 

10 

a 

2000  g. 

(( 

0.2  cc. 

11 

<c 

1680  g. 

(I 

0.3  cc. 

12 

a 

1800  g. 

K 

0.1  cc. 

subcutaneously    in    right 


grom. 
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Nos.  t),  lU  uud  11  died  wiUiin  2-1  hours.  At  the  autopsies  was  lound 
acute  meuiugitis,  aud  i>.  diplitliehai  was  recovered  Irom  the  point  ol  in- 
oculation.    1^0.  12  died  on  tlie  -Itli  day. 

iS'o.  8  remained  somewhat  stupid  lor  two  days  and  then  became  appar- 
ently normal  until  the  8tli  day,  wlieu  it  showed  great  excitement  il  ii'ri- 
tated,  whirling  about  rapidly  and  rushing  around  the  room  in  a  fren- 
zied manner,  this  attack  lasting  about  one  minute.  These  phenomena 
could,  with  gradually  decreasing  readiness,  be  produced  by  stimulation 
during  a  period  of  3  days,  after  which  they  subsided  altogether.  The 
rabbit  then  remained  in  apparent  good  health  until  the  2'6d  day  after 
inoculation,  when  its  posterior  extremities  were  noticed  to  be  weak  and 
slightly  ineoordinated.  On  the  following  day  they  were  completely  par- 
alyzed. The  paralysis  rapidly  ascended.  48  hours  after  the  beginning 
of  incoordination  the  rabbit  was  lying  on  its  side  with  limbs  extended, 
head  retracted,  and  breathing  spasmodically.  At  no  time  during  its 
linal  sickness  was  there  any  excitement  observed  nor  any  marked  escape 
of  saliva  from  the  mouth.  It  may  be  mentioned,  however,  that  the 
symptoms  were  difficult  to  distinguish  from  those  exhibited  by  two 
rabbits  dying  from  inoculation  with  the  fixed  virus  of  rabies  and  one 
dying  from  "  street  rabies '' — second  generation  from  a  rabid  wolf — 
which  were  under  observation  at  the  time  in  the  same  room  with  Kabbit 
Xo.  8.     The  animal  died  on  the  27th  day  after  inoculation. 

Autopsy.  General  condition  of  rabbit  good.  Meninges  not  congested. 
Portion  of  left  cerebrum  about  1  cm.  in  superficial  diameter  and  ex- 
tending, at  seat  of  inoculation,  down  to  ventricle,  was  markedly  soft- 
ened. Membranes  of  cord  slightly  congested.  Liver  deeply  congested. 
Urinary  bladder  much  distended. 

Cultures.  From  the  softened  area  of  the  cerebrum  no  growth  was 
obtained;  from  the  medulla  a  few  colonies  on  serum  of  B.  diphtheriaj; 
from  the  heart's  blood  a  few^  colonies  of  staph3dococci. 

SUMMARY   OF  PATHOLOGICAL  KEPORT. 

1.  The  bacillus  isolated  from  the  central  nervous  system  of  Mrs. 
R.  was  Bacillus  diphtheriae,  and  doubtless  such  was  the  identity  of  the 
bacillus  discovered  in  the  nerve  cells  of  the  pons  and  medulla. 

2.  The  histological  lesions,  as  far  as  they  were  observed  in  the 
central  nervous  system  and  kidney,  were  the  same  as  those  observed 
after  death  from  ordinary  clinical  and  experimental  diphtheria. 

3.  The  subdural  inoculations  in  rabbits  of  portions  of  the  medulla 
32 


i 


474  A  Case  of  Suspected  Rabies 

of  Mrs.  li.  produced  symptoms  simulating  rabies  in  their  time  of  onset 
and  general  character.  The  gross  post-mortem  findings  in  the  ani- 
mals, resembled  in  their  negative  character  those  of  rabies,  but  B. 
diphtherise  was  isolated  culturally  from  the  central  nervous  system. 
Synchronous  inoculation  of  diphtheria  antitoxine  protected  rabbits 
against  otherwise  fatal  doses  of  the  emulsions  of  the  medullae  of  the 
first  series  of  rabbits. 

4.  The  mixture  of  diphtheria  antitoxine,  or  of  diphtheria  anti- 
to:S:ine  and  diphtheria  bacilli,  with  the  virus  of  rabies  is  without  influ- 
ence upon  the  manifestations  of  rabies. 

5.  The  medullae  of  rabbits  inoculated  with  the  fixed  virus  of  rabies 
and  killed  during  the  period  of  incubation,  2  to  7  days  after  the  orig- 
inal inoculation,  by  subdural  injection  of  cultures  of  the  diphtheria 
bacillus,  contain  the  virus  of  rabies  in  a  fonn  capable  of  transmitting 
rabies  to  rabbits  inoculated  in  series  with  such  medullae. 

6.  The  subdural  inoculation  of  a  small  dose  of  pure  culture  of 
B.  diphtherise,  isolated  from  another  source,  produced  symptoms  which, 
in  their  time  of  onset  and  subsequent  history,  resembled  in  some  de- 
gree those  of  rabies  in  rabbits. 

I  desire  to  express  sincere  thanks  to  Professor  ¥.  F.  Wesbrook, 
under  whose  direction  the  above  study  has  been  conducted,  to  Dr.  O. 
McDaniel  and  to  Dr.  E.  Bates  Block  for  their  suggestions  and  criti- 
cism. 

Review  and  Conclusions. 

The  history  and  the  clinical  symptoms  in  the  case  of  Mrs.  R.  pointed 
toward  the  diagnosis  of  rabies.  The  well-authenticated  history  of  a 
bite  on  the  cheek  by  an  unknown  animal,  the  two  months'  incubation 
period,  the  onset  with  extreme  pain  and  numbness  in  the  region  of  the 
scar,  the  development  of  the  characteristic  laryngeal  and  respiratory 
spasms  on  attempting  to  take  liquids,  the  spasms  at  first  being  shght, 
later  most  pronounced,  and  toward  the  close  feeble  or  absent,  the 
insomnia,  the  absence  of  fever  in  the  beginning,  which  later  in  the 
disease  became  pronounced,  the  rapid  pulse  at  all  stages,  the  attacks  of 
violent  delirium  interspersed  with  periods  of  calm  and  complete  ration- 
ality, the  absence  of  all  symptoms  pointing  toward  any  other  simu- 


(M'oruT   noiiiilns   irciu!   ;nn!    I.miis    lIlniu'liMrd   Wilson         475 

hitiiiii-  disoaso,  mid  the  fatal  teniiinatioii,  all  serve  to  make  an  almost 
eomplete  picture  of  rabies. 

One  f<\itnre  of  tlu^  ease  not  in  harmony  with  the  diagnosis  of  rabies 
is  the  long-  period  over  which  the  disease  continued  prior  to  the  fatal 
termination.  As  is  seen  from  the  history,  the  course  of  the  illness, 
datine:  from  the  onset  with  pain,  sleeplessness  and  mental  depression, 
lasted  14  days.  If  time  is  estimated  from  the  onset  of  the  first 
laryno-eal  spasm,  ten  days  elapsed  before  the  fatal  ontcome.  On  the 
other  hand,  most  authorities  place  the  death  limit  in  rabies  at  five 
to  eig-ht  days. 

A  second  clinical  feature  manifested  in  this  case  which  does  not  ap- 
pear to  correspond  to  the  usual  symptom-complex  in  rabies  is  the  pres- 
ence of  a  laree  amount  of  albumin  and  of  casts  in  the  urine.  Most  of 
the  clinical  writers  make  no  mention  of  such  a  complication  in  rabies. 
Roger,*  however,  speaks  of  the  occurrence  of  dysuria,  albuminuria 
and  glycosuria  in  rabies,  and  he  cites  Samson  and  Chippindale  as  hav- 
ing noted  hfemoglobinuria  and  the  presence  of  casts. 

The  gross  pathological  findings  likewise  seemed  to  confirm  the  clin- 
ical diagnosis,  since  the  post-mortem  examination  revealed  no  lesions 
aside  from  mild  cerebral  congestion.  But  the  value  of  such  con- 
firmation is  slight,  in  view  of  the  fact  that  no  characteristic  gross 
lesions  of  rabies  have  hitherto  been  determined  by  any  observer,  and 
a  confirmation  based  on  negative  pathological  conditions  is  of  doubtful 
value.  The  microscopical  changes  found  in  the  nervous  centres, 
although  definite,  are  not  of  decisive  diagnostic  significance. 

An  unexpected  and  important  discovery  was  the  finding  of  the 
Klebs-LofiSer  bacillus  in  the  ventricular  fluids  and  in  the  tissues  of  the 
medulla  oblongata  of  the  patient.  The  presence  of  the  bacillus  in 
microscopical  sections  confirmed  the  cultural  results,  and  especially 
to  be  emphasized  is  the  demonstration  of  characteristic  diphtheria 
bacilli  within  nerve  cells.  The  determination  of  the  identity  of  the 
bacillus  with  the  genuine  Bacillus  diphtherise  was  so  complete  that 
there  can  be  no  room  for  doubt  upon  this  point.     The  bacillus  was  of 

*  Roger,  Article  "  Rage  "  in  Charcot,  Bouchard  and  Brissaud's  Traite 
de  Medecine,  T.  i,  p.  COS.    Paris,  1891. 
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ordinary  virulence  and  produced  toxine  and  led  to  the  generation  of 
antitoxine  identical  with  diphtheria  toxine  and  antitoxine. 

iNot  less  suggestive  of  rabies  than  the  clinical  history  of  the  patient 
were  the  results  of  subdural  inoculations  of  rabbits  with  emulsions 
prepared  from  the  medulla  of  the  patient.  There  occurred  the  long- 
period  of  incubation  (20  and  21  days)  followed  by  phenomena  similar 
to  those  in  experimental  rabies  of  rabbits,  and  the  rabbits  inoculated 
subdurally  with  the  medullse  of  the  first  rabbits  behaved  in  a  similar 
manner. 

But  here  again  the  Bacillus  diphtherige,  which  was  present  in  the 
medulla  of  the  patient,  was  demonstrated  with  similar  distribution  in 
the  rabbits'  medullas. 

Of  decisive  significance  in  the  interpretation  of  the  case  is  the 
demonstration  that  the  mixture  of  the  emulsion  of  the  medulla  of  the 
first  series  of  rabbits  with  diphtheria  antitoxine,  as  well  as  the 
injection  of  antitoxine  followed  by  inoculation  of  the  medulla,  pre- 
vented the  appearance  of  any  abnormal  symptoms  after  subdural  inoc- 
ulation, whereas  in  control  experiments  diphtheria  antitoxine  mani- 
fested no  appreciably  protective  influcnco  as  regards  either  the  fixed 
virus  of  rabies  or  the  virus  of  street  rabies.  It  is,  therefore,  jus- 
tifiable to  infer  that  the  virus  of  rabies  was  not  present  in  the  medullse 
of  the  rabbits  inoculated  directly  with  the  medulla  of  the  patient,  for 
otherwise  it  should  have  been  capable  of  demonstration  after  the  neu- 
tralization of  the  diphtheria  toxine  by  antidiphtheritic  serum. 
Although  the  opportunity  to  mix  diphtheria  antitoxine  with  the 
medulla  of  the  patient  was  lost,  the  experiments  recorded  in  Table  V 
justify  the  conclusion  that  if  the  virus  of  rabies  had  been  present  in 
combination  with  the  diphtheria  bacillus  in  this  medulla  it  would  have 
been  transmitted  in  demonstrable  form  to  the  medulla?  of  the  rabbits 
inoculated  therewith  and  dying  22  days  afterward.  As  such  trans- 
mission is  excluded  by  the  results  of  the  inoculation  of  Babbits  I^os. 
6  and  7,  the  absence  of  the  virus  of  rabies  from  the  patient's  medulla 
must  be  regarded  as  established. 

"We  are  forced,  therefore,  to  the  conclusion  that  the  case  reported 
in  this  paper  was  one  of  infection  of  the  central  nervous  system  with 
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the  diplithoria  bacillus  and  not  one  of  rabies,  and  this  coneliisiitn  is 
I'onHvnied  by  the  experimental  rcpniduetion  of  a  siiiiihir  l(»cali/ati(»n 
with  a  prolonged  period  of  incnbation  by  the  subdural  indculatidii  of 
a  i-abbit  with  0.0.")  ee.  of  a  -21]  days'  bo\iilioii  culhirc  ol"  the  diphtheria 
hacillus  (p.  472). 

The  portal  of  entry  of  the  bacillus  was  not  determined.  There  was 
no  positive  evidence  of  diphtheria  in  the  throat,  althouiih  the  existence 
of  the  diphtheria  bacillus  in  this  situation  was  not  excluded.  The  pos- 
sibility that  the  patient  was  inoculated  with  the  diphtheria  bacillus 
through  the  wound  and  that  it  traveled  along  the  nerves  to  the  ner- 
vous centres,  in  the  manner  of  the  rabid  virus,  may  l)e  suggested,  but 
of  this  there  was  no  proof. 

The  close  simulation  of  rabies  both  clinically  and  experimentally 
(a  simulation  all  the  more  remarkable  on  account  of  the  previous  his- 
tory of  a  bite  on  the  cheek,  followed  by  the  usual  period  of  incubation 
of  rabies)  by  cerebral  infection  with  the  diplitheria  bacillus  is  certainly 
most  curious  and  interesting.  We  have  abundant  evidence  that  the 
cerebral  localization  of  various  infectious  agents,  such  as  those  of 
tuberculosis,  of  tetanus,  etc.,  may  be  attended  by  morbid  phenomena 
very  unlike  those  of  the  ordinary  localizations  of  the  same  agents  else- 
where in  the  body,  and  our  case  demonstrates  that  the  same  may  be 
true  for  the  diphtheria  bacillus. 


Volume  IV      SEPTEMHER-NOVEMlM^ni,  1809       N 


OS.  r)-(> 


THH  JOURNAL 

OF 

EXPERIMENTAL    MEDICINE 


AX  EXPERIMENTAL  IXVESTIGATIOX  OF  THE  TKEAT- 
MEXT  OF  WOUXDS  OF  THE  HEART  BY  MEAXS  OF 
SUTURE  OF  THE  HEART  MUSCLE. 

By  CHARLES  A.  ELSBERG,  M.  D., 
Attending  Surgeon,  Mt.  Sinai  Hospital  On(-ratient  Department,  Xew  York. 

PART    I. 

INTRODUCTORY. 

In  attempting  to  trace  the  history  of  the  growth  of  knowledge  regard- 
ing wounds  of  the  heart,  the  investigator  is  soon  impressed  by  the 
infrequency  with  which  this  subject  is  mentioned  by  older  writers.  In 
the  works  of  Hippocrates  and  Celsus  we  find  occasional  mention  of 
wounds  of  the  heart,  always,  however,  accompanied  by  the  statement 
that  such  wounds  are  followed  by  immediate  death.  Paul  of  ^gina, 
Eoland,  Lanfranc  give  short  descriptions  of  the  symptomatology  of 
cardiac  wounds,  and  all  agree  that  death  results  at  once.  Toward  the 
close  of  the  fifteenth  century  this  opinion  was  still  prevalent.  The 
beginning  of  the  sixteenth  century,  however,  saw  the  dawn  of  a  new  era. 
Foreign  bodies,  most  often  bullets  and  arrow-points,  had  been  found 
healed  in  the  hearts  of  living  animals.  Reports  were  published  which 
claimed  that  deer,  wild  boar,  and  other  animals  of  the  chase  had,  after 
receiving  a  wound  of  the -heart,  continued  to  run  for  minutes  and  even 
for  hours.  Soldiers  who  had  been  wounded  in  the  heart  were  reported 
to  have  continued  to  fight  in  the  excitement  of  battle  for  some  minutes 
before  death  had  overtaken  them. 

At  about  this  period,  Ambroise  Pare  published  a  report  of  the  now 
33 
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celebrated  case  of  the  Turin  gentleman,  who,  although  wounded  in  the 
heart  during  a  duel,  was  able  to  pursue  his  antagonist  700  feet  before  he 
dropped  to  the  ground  and  died.  The  learned  societies  of  those  days 
discussed  this  case  with  eagerness  and  commented  on  the  rapidity  of  onset 
of  the  fatal  symptoms  after  wounds  of  the  heart.  As  evidence  of  this 
one  finds  occasional  short  papers  on  the  subject  in  the  medical  literature 
of  the  seventeenth  and  eighteenth  centuries.  The  writers  of  these 
papers  advanced  no  new  theories  or  new  facts,  and  hence  attracted  little 
attention.  They  regarded  these  cases  of  delayed  death  after  cardiac 
injury  either  as  apocryphal  or  as  mere  curiosities  of  medical  liter- 
ature. It  was  only  in  the  beginning  of  the  nineteenth  century  that 
observers  evinced  a  keener  interest  in  the  subject,  as  is  shown  by  the 
more  comprehensive  investigations  of  Jamaiu,  Sannetti,  and  others, 
published  at  this  period,  and  it  remained  for  G.  Fischer  to  lay  the  foun- 
dation for  all  future  work  on  this  subject  by  the  publication  of  his 
exhaustive  and  critical  study  of  452  cases  of  wounds  of  the  heart  in  man, 
collected  from  medical  literature. 

The  main  results  arrived  at  by  Fischer  *  may  be  summarized  in  brief 
in  the  following:  Seven  to  ten  per  cent  of  all  wounds  of  the  heart  heal 
and  the  patients  recover.  In  the  cases  with  a  fatal  outcome,  death  some- 
times occurs  simultaneously  with  the  infliction  of  the  injury,  more  fre- 
quently, however,  it  is  delayed  a  few  moments,  or  less  often  for  hours 
or  days.  "Wounds  of  the  ventricles  occur  with  much  greater  frequency 
than  do  those  of  the  auricles.  Wounds  of  the  right  ventricle  are  more 
frequent  than  those  of  the  left  (in  the  ratio  of  27  to  22),  because  in  man 
the  right  ventricle  forms  the  greater  part  of  the  anterior  surface  of  the 
heart,  while  the  left  ventricle  is  brought  forward  only  during  each 
systole.  On  the  other  hand,  the  death  rate  after  wounds  of  the  auricles 
is  higher  than  after  those  of  the  ventricles,  and  in  this  respect  the  right 
auricle  predominates  over  the  left. 

Loison  f  has  recently  published  a  paper,  based  upon  the  reports  of 
277  cases  of  wounds  of  the  heart  in  man,  which  he  has  collected  from 
the  medical  literature  of  the  last  thirty  years.  Most  of  Loison's  con- 
clusions agree  with  those  of  Fischer.  In  39.7  per  cent  of  the  patients 
the  right,  and  in  33.3  per  cent  the  left  ventricle  was  injured.  The  mor- 
tality after  wounds  of  the  right  was  much  greater  than  that  after  wounds 
of  the  left  ventricle.  In  a  large  proportion  of  the  cases,  the  fatal  out- 
come was  hastened  by  the  over  distension  of  the  pericardial  sac  by  the 

*  G.  Fischer,  Langenbeck's  Archiv,  1S67,  ix,  571. 

f  Loison,  Revve  de  Chinirnie,  1899,  Nos.  1.  2,  3,  et  seq. 
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blood.  ]-,oisoii  (k'llaros  that  tlic  mortality  rate  vaiics  considerably  with 
the  situation,  the  size  and  the  character  of  tlic  wound.  In  general,  85 
per  cent  of  all  cardiac  wounds  prove  fatal. 

It  may  be  said  that  the  gravity  of  the  case  depends  upon  the  size  of 
the  wound  and  its  location.  This  does  not  mean,  however,  that  wounds 
of  small  size,  /.  e.  ]ninctured  wounds,  bullet-wounds,  are  not  attended 
with  great  danger.  Indeed,  in  many  cases  these  have  been  shown  to 
cause  death  sooner  than  larger  wounds.  There  are  a  number  of  factors 
to  be  considered  which  will  be  referred  to  later  on,  but  the  general  state- 
ment— the  larger  the  wound  of  the  heart  muscle,  the  more  serious  the 
prognosis — will  be  found  to  be  applicable  to  most  of  the  cases. 

Does  death  ever  occur  at  the  same  moment  that  the  heart  is  wounded? 
Undoubted  cases  of  this  kind  have  been  reported  where  the  whole  heart 
was  torn  off  from  the  great  vessels  at  its  base.  If  the  injury  be  not  so 
severe  as  this,  however,  have  we  sufficient  evidence  to  warrant  the  belief 
that  the  heart  may  stop  beating  at  the  same  moment  it  is  injured?  In 
former  times  such  cases  were  believed  to  be  of  very  frequent  occurrence. 
Even  Fischer  thought  he  had  found  reports  of  several  undoubted  cases. 
After  having  made  a  careful  study  of  the  cases  collected  by  Fischer,  I 
have  become  convinced  that  we  must  exclude  most  of  them  from  this 
category,  because  in  the  main  the  reports  contain  few  details  and  hence 
are  untrustw^orthy.  In  only  one  case,  that  of  the  famous  soldier  L'Atour 
D'Auvergne,*  is  the  report  of  the  injury  and  death  so  clearly  told  that 
there  can  be  no  doubt  of  the  simultaneous  occui-rence  of  the  cardiac 
wound  and  the  soldier's  death. 

The  older  writers,  as  was  stated  above,  believed  that  death  followed 
quickly  after  wounds  of  the  heart.  They  explained  this  on  the  assump- 
tion of  an  influence  of  some  kind,  reflex  or  otherwise,  upon  the  nerves  or 
nervous  centres  of  the  heart.  At  the  same  time,  how^ever,  they  disagreed 
about  the  source  and  character  of  this  innervation,  and  their  successors  of 
to-day  have  a  similar  contention.  At  one  time  the  belief  was  prevalent 
that  the  stimuli  for  the  contraction  of  the  heart  passed  to  the  cardiac 
muscle  through  the  sympathetic  ganglia.  These  ganglia  are  very 
numerous  in  the  septum  between  the  two  auricles.  The  experiments  on 
rabbits  and  dogs  by  Kronecker  and  Schniey  t  showed  that  there  was  a 
spot  in  the  septum  between  the  ventricles  of  these  animals  where  puncture 
with  a  fine  needle  was  followed  by  immediate  stoppage  of  the  heart. 
They  inferred  that  this  was  due  to  some  injury  to  the  large  nerve-ganglia 

*  See  Fischer,  loc.  cit.     Case  72. 

t  Kronecker  and  Schraey,  Sitsungsbericlite  d.  Berliner  Akad.,  1884,  p.  87. 
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in  this  region  and  named  this  spot  the  "  coordination  centre."  Kro- 
necker  and  Schmey  dechired  that  in  all  probability  a  similar  spot  exists 
in  the  human  heart.  The  investigations  of  Krehl,*  Eomberg,f  W.  His4 
and  Schaefer  §  gave  conclusive  proof  that  these  nervous  ganglia  were 
derived  from  the  sympathetic  and  that  they  could,  therefore,  carry  only 
centripetal  or  sensory  and  no  motor  stimuli.  His  believes  that  the 
heart  contains  only  sensory  nerves,  while  Romberg  calls  attention  to  the 
fact  that  the  foetal  heart  contracts  rhythmically  long  before  either  ners-es 
or  nervous  ganglia  can  be  found  in  the  cardiac  muscle.  It  is  incorrect, 
therefore,  to  attempt  to  explain  the  cardiac  stoppage  in  the  experiments 
of  Kronecker  and  Schmey,  and  likewise  the  possible  sudden  arrest  of  the 
heart  after  wounds  of  that  organ,  as  a  result  of  injury  to  the  nerve 
ganglia  in  the  heart.  Engelmann  ||  has  shown  that  it  is  possible  to  incise 
the  heart-muscle  in  such  a  manner  that,  wdiile  the  continuity  of  the 
muscle  is  not  totally  disturbed,  all  the  nerves  are  doubtlessly  cut  across. 
Nevertheless,  muscular  contractions  continue.  Porter^  concludes  that 
nerve  cells,  if  present,  are  not  essential  to  long-continued,  rhythmical, 
co-ordinated  contractions  of  the  ventricle,  and  that  the  causes  of  rhythmic 
contractions  of  the  ventricle  lie  in  the  ventricle  itself. 

If  there  are,  therefore,  no  motor  nerves  in  the  heart,  and  if  this  organ 
can  contract  after  all  the  sensory  nerves  have  been  divided,  there  must 
be  a  true  automatism  of  the  heart-muscle.  This  is  the  prevailing  opinion 
among  writers  of  the  present  day.  Investigators  are  undecided  as  to 
the  explanation  of  the  so-called  co-ordination  centre  of  Kronecker  and 
Schmey.  In  man,  wounds  of  the  septum  ventriculorum,  in  the  region 
that  would  correspond  to  the  co-ordination  centre  in  animals,  are  very 
rare  indeed.  It  is  only  on  this  assumption,  however,  that  we  can  explain 
the  immediate  cardiac  arrest  and  death  in  the  case  of  the  Chevalier 
L'Atour  D'Auvergne.  As  no  other  undoubted  case  of  this  kind  has 
been  reported  we  must  conclude  that  immediate  cardiac  asystole  and 
death  after  wounds  of  the  heart  in  man,  unless  indeed  the  whole  organ 
be  torn  from  its  attachment,  is  excessively  rare. 

When  death  is  delayed  after  an  injury  of  the  heart,  what  is  the  cause 
of  the  stoppage  of  this  organ? 

It  must,  of  course,  be  understood  that  in  the  following  considerations 

*  Krehl,  Deutsche  med.  Wochensclu:,  1889,  p.  549. 

t  Romberg,  ibid.,  1890,  p.  440. 

t  W.  His  and  Eomberg-,  Archiv  f.  exp.  Path.  u.  Phann.,  1892,  xxx.  51. 

§  Schaefer,  Vcrhandl.  d.  IX  Congress,  f.  innere  Medecin^  1890. 

II  Eng-elmann,  Archiv  f.  d.  ges.  Phi/siologie,  1896,  Ixv,  119;  535. 

jl  Porter,  Journal  of  Experimental  Medicine,  1895,  i,  319. 
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no  roiVroiicc  will  \)v  iii;u]o  to  the  sccondarv  or  ('oiiiiilicatiiijj;  causes  of 
death  such  as  sepsis,  shock  from  the  severity  of  the  injury  and  the  like, 
for  they  have  no  direct  bearing  on  the  snl>ject  in  hand.  There  remain 
for  consideration:  1.  Tlie  elTect  on  tlie  lieart  of  the  ]o&s  of  a  large 
amonnt  of  blood:  2,  the  change  in  tlie  character  of  the  heart's  action  as 
the  escaping  blood  fills  and  distends  the  ])ericardial  sac. 

That  the  haemorrhage  from  a  wound  of  the  heart  is  nsnally  very  great 
and  often  sufficient  to  cause  death  in  a  few  seconds  needs  no  explanation. 
Clinical  exjierience  has  long  ago  shown  that,  after  the  loss  of  a  large 
quantity  of  blood,  the  heart  suffers  mainly  because  it  has  no  longer  suffi- 
cient fluid  to  '"  work  on."  For  the  blood,  circulating  through  the  heart 
chambers,  stimulates  the  heart-muscle  to  contract,  and  when  there  is 
little  or  no  fluid  in  these  cavities,  the  rhythmic  contractions  and  relax- 
ations of  the  heart-muscle  soon  cease.  The  larger  the  wound  and  the 
freer  its  communication  with  the  surface  of  the  body,  the  more  rapidly 
will  cardiac  asystole  and  death  supervene.  The  same  is  also  true  where 
the  heart  wound  communicates  with  one  or  the  other  pleural  cavity  into 
which  the  heart  can  pour  the  blood  from  the  entire  body. 

If  the  wound  in  the  heart-muscle,  however,  permits  of  the  free  escape 
of  blood,  while  the  wound  of  the  parietal  pericardium  is  either  very  small 
as  compared  with  that  in  the  heart  wall,  or  the  pericardial  rent  becomes 
closed  or  partially  closed  liy  clots  or  by  the  pressure  of  the  soft  parts 
around  it,  the  blood  will  be  unable  to  escape  from  the  pericardial  sac 
and  the  latter  will  thus  become  more  and  more  distended.  The  intra- 
pericardial  pressure  rapidly  rises  and  the  pressure  exerted  upon  the  heart 
by  the  blood  in  the  pericardium  becomes  very  much  increased.  To  this 
condition  Eose,*  although  he  was  not  the  first  to  call  attention  to  its 
importance,  gave  the  name  of  "■  heart  tamponade."  Morgagni  f  had 
already  recognized  its  danger.  Cohnheim  X  investigated  the  subject  in 
numerous  experiments  on  dogs.  He  injected  various  quantities  of 
fluids  into  the  pericardial  sac  of  the  animals  and  showed  that,  with  the 
rise  of  the  intrapericardial  pressure,  the  heart's  action  steadily  grows 
weaker.  A  point  is  soon  reached  where  the  heart  stops  beating  alto- 
gether. Cohnheim  demonstrated  that  the  pressure  of  the  fluid  in  the 
pericardial  sac  is  mainly  expended  upon  the  auricles  and  the  great 
vessels  at  the  base  of  the  heart.  While  the  ventricles  still  contract,  the 
auricles  and  the  great  vessels  are  compressed,  the  entry  of  blood  into 

*  Eose,  Deutsche  Zeitschr.  f.  Chirurgie,  xx,  329. 

t  Morgagni,  Do  Sed.  et  Cans.  Morborum,  Epist.  69,  Sect.  5. 

t  Cohnheim,  Allgem.  Pathologie,  i. 
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the  heart  grows  less  and  less,  the  heart  pumps  itself  dry  and  finally  the 
contractions  of  the  ventricles  also  cease.  In  other  words,  while  the 
causes  are  different,  the  results  are  the  same  as  in  death  from  acute 
haemorrhage,  i.  e.  the  heart  ceases  to  beat  because  there  is  no  more  fluid 
upon  which  it  can  contract.  Rose  and  many  writers  after  him  believe 
that  this  heart  tamponade  is  in  many  cases  the  chief  cause  of  death. 

Dyspnoea,  cyanosis,  small  thread-like  pulse,  the  physical  signs  of  dis- 
tension of  the  pericardial  sac  with  fluid,  together  with  the  characteristic 
situation  of  the  external  wound,  the  hsemorrhage,  and  the  symptoms  of 
collapse,  are  the  symptoms  that  are  generally  described.  Some  writers 
have  attributed  considerable  value  as  a  diagnostic  sign  to  a  peculiar 
whirring  noise  to  be  heard  over  the  lower  part  of  the  heart;  but  Ried- 
inger,*  Rose,f  Delorme,J  Loison,§  consider  it  as  neither  constant  nor 
characteristic. 

While  injuries  of  the  heart  are  most  often  followed  by  death  before 
medical  aid  can  arrive,  there  are  some  cases  in  which  the  patient  sur- 
vives for  a  number  of  hours  or  days.  The  treatment  of  these  patients 
has  consisted  in  general  and  local  measures  such  as  cleansing  and  pack- 
ing the  external  wound,  absolute  rest,  the  application  of  cold  to  the 
praecordial  region,  the  administration  of  morphine  and  other  narcotics, 
sometimes  venesection  (Dupuytren,  Stromeyer,  Rose).  If  the  haemor- 
rhage continues  and  the  patient  grows  worse,  the  case  has  been  consid- 
ered a  hopeless  one.~ 

The  first  step  toward  a  more  direct  and  local  treatment  was  taken  by 
Rose  when  he  recommended  that  the  pericardial  sac  should  be  punctured 
through  the  fourth  left  intercostal  space,  in  order  to  relieve  the  dan- 
gerous symptoms  of  heart  tamponade.  If  this  did  not  suffice  and  the 
dangerous  symptoms  continued,  the  pericardial  sac  should  be  opened 
and  all  clots  and  blood  removed  from  it.  While  in  some  cases  the  good 
results  of  this  operation  cannot  be  denied,  it  seems  to  me  that  Rose  goes 
too  far  when  he  declares  that  "  the  opening  of  the  pericardium  and  the 
immediate  removal  of  the  heart  tamponade  deserves  to  have  as  impor- 
tant a  place  in  surgical  procedure  as  tracheotomy." 

In  man,  puncture  of  the  pericardial  sac  and  pericardotomy  is  already 
a  recognized  procedure  in  surgical  practice.  In  the  large  majority  of 
cases,  the  pericardial  sac  can  be  exposed  and  opened  without  injury  to  the 

*  Eiedinger,  Krankheiten  des  Thorax,  Deutsche  Chirurffie,  xlii,  p.  180. 

t  Eose,  loc.  cit. 

t  Delorme,  Cliirurgie  dc  guerre,  1893. 

§  Loison,  Revue  de  Cliirurgie,  1899,  Nos.  1  and  2. 
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loll  plriira.  JWil  llu'  k'eliiii(|U('  (if  the  (ipcral  imi  iici'd.s  lunlicr  duvi'lojj- 
iiiont,  and  tlic  aiiatomical  landmarks  in  imriiial  and  abnormal  condi- 
tions must  be  more  clearly  delined.  Tlie  recent  investigations  of 
Voinitch-Sianojensky'''  and  oi'  Delorine  and  Mignonf  constitute;  a  dis- 
tinct advance  in  this  direction. 

It  would  be  manifestly  beyond  the  sco})e  of  this  paper  to  describe  the 
various  methods  proposed  for  the  operations  of  paracentesis  pericardii 
and  of  pericardotomy.  For  these,  the  reader  is  referred  to  the  short  but 
comprehensive  work  of  Terrier  and  Eeymond,  Chirurgie  dii  Coeur  et  du 
Pericarde.  There  are  several  points,  however,  to  which  we  would  draw 
attention.  Up  to  within  the  last  few  years  the  belief  was  widespread 
that  large  collections  of  fluid  in  the  pericardium  push  the  heart  back- 
wards against  the  vertebral  column.  If  this  were  always  true,  there 
would  be  little  danger  of  wounding  the  heart  during  an  aspiration  unless 
the  aspirating-needle  were  made  to  penetrate  too  deeply.  Kecent  inves- 
tigations have  shown  that  this  belief  is  not  always  true.  Large  effu- 
sions into  the  pericardial  sac  may  and  often  do  push  the  heart  forward 
against  the  anterior  wall  of  the  chest,  in  which  situation  it  might  easily 
be  injured.  The  larger  the  quantity  of  fluid  in  the  pericardial  sac,  the 
more  is  the  heart  pushed  forward.  This  has  been  seen  in  the  human 
subject  by  Rehn;;j;  experimentally,  in  the  cadaver,  by  Delorme  and 
Mignon§  and  yoinitch-Sianojensky;j|  and  in  the  living  animal  body  by 
myself.^  If  there  are  adhesions  between  the  heart  and  the  anterior  wall 
of  the  pericardial  sac,  the  injury  of  the  heart  during  paracentesis  of  the 
sac  may  also  take  place.  Kiimmel**  found  adhesions  between  the  heart 
and  the  parietal  pericardium  2  centimeters  above  the  point  where  he 
had  aspirated  the  pericardial  sac.  Numerous  cases  have  been  reported 
Avhere  the  heart  was  actually  injured  during  this  procedure.  Hence 
Eiselsbergff  declares,  as  a  result  of  his  experience,  that  the  danger  of 
paracentesis  is  often  greater  than  that  of  incision  of  the  pericardial 
sac.  He  recommends  that  in  pericardotomy  the  pericardial  sac,  w^hen 
exposed,  should  be  sewn  to  the  edges  of  the  w^ound  in  the  chest  wall, 

*  Yoinitch-Sianojensky,  Archiv.  Russ.  dc  Chirurf/ic.  St.  Petersboiirg,  1897,  ii; 
also  Revue  de  Chiruvfjie,  1898. 

t  Delorme  et  Mignon,  Revue  de  CJiirKnjie,  IS'.i."),  pj).  797;  987,  and  1896,  p.  56. 

J  Kehn,  Langenbeck's  Archiv,  1897,  Iv,  .31.5. 

§  Delorme  and  Mignon,  loe.  cit. 

II  Voinitch-Sianojenskj',  loc.  cit. 

^  See  Exps.,  vi-vil-viii,  p.  513. 

**  Kiimmel,  see  Eiselsberg. 

^f  Eiselsberg,  Wiene?-  kliu.  Wocheuschr.,  1895,  No.  2. 
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thus  protecting  the  incision  in  the  soft  parts,  and  the  pleural  cavities 
against  injury  and  infection. 

While  paracentesis  or  pericardotomy  in  the  treatment  of  heart  tam- 
ponade is  based  on  rational  grounds,  there  is  at  the  same  time  a  note- 
worthy risk  connected  with  its  performance.  When  the  pressure  on  the 
heart  has  been  removed,  the  haemorrhage  from  the  wound  in  the  heart- 
muscle  is  apt  to  begin  anew,  or,  if  it  had  not  ceased,  to  become  very 
much  larger.  For  these  reasons,  surgeons  have  often  hesitated  about 
following  Eose's  recommendations,  and  have  sought  for  other  and  more 
efficient  methods  of  stopping  the  hsemorrhage  from  a  wound  of  the  heart. 

Many  years  ago  Billroth  declared  that  no  surgeon,  who  wished  to 
preserve  the  respect  of  his  colleagues,  would  ever  attempt  the  suture  of 
a  wound  of  the  heart.  In  1884  Riedinger*  made  the  oft-quoted  statement 
that  "  the  proposition  to  suture  a  wound  of  the  heart,  although  made  in 
all  seriousness,  needs  hardly  a  mention."  Tillmanns  declared  in  one 
of  the  recent  editions  of  his  book  that  surgery  is  powerless  when  con- 
fronted with  a  hemorrhage  from  the  heart-muscle.  There  were  others 
(Konig,f  Delorme,;);  etc.),  however,  who  dared  to  give  voice  to  their 
opinion  that  suture  of  a  wound  of  the  heart,  though  difficult  and  con- 
nected with  great  risks,  was  theoretically  and  probably  technically  pos- 
sible. On  logical  grounds  one  might  ask  why  direct  surgical  treatment 
of  the  wound,  according  to  the  general  principles  of  wound  treatment, 
was  never  proposed  and  attempted.  For  had  it  not  been  proven  cen- 
turies ago  that  cardiac  wounds  could  heal  and  that  foreign  substances 
could  heal  in  the  heart -muscle  without  interfering  with  its  fimction? 
Had  not  the  heart  been  exposed  in  the  operation  of  pericardotomy  and 
were  writers  not  agreed  that  this  could  be  done  with  comparative  safety 
by  the  use  of  modern  aseptic  technique?  In  answering  this  question, 
we  must  remember  that  we  have  to  deal  with  an  organ  of  first  import- 
ance which  is  in  constant  motion,  and  which,  moreover,  was  believed  to 
be  very  sensitive  to  the  smallest  mechanical  insult  or  injury.  It  was 
feared  that  during  the  slightest  manipulation  the  heart  might  suddenly 
stop,  that  the  mere  passage  of  a  needle  might  be  followed  by  the  direst 
results.  Hence  cardiac  suture  was  until  very  recently  considered  an 
umvarrantable  surgical  procedure. 

With  the  growth  of  such  ideas  as  those  of  Ivonig  and  of  Delorme, 
investigators  turned  to  the  animal  heart  to  gain  knowledge  and  experi- 
ence on  this  subject. 

*  Riedinger,  loc.  cit. 

t  Konig,  Lehrbuch  d.  Chirurgie,  ii. 

$  Delorme,  Clnnirffle  de  Guerre,  1S93. 
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lutsoiithal.*  I  beliovo,  was  llic  iirsl  to  alteinpt  to  treat  a  wound  of  the 
heart  in  an  animal  by  direct  means.  Early  in  1895  he  showed  to  the 
Medical  Society  of  Berlin  a  dog  whose  heart,  after  resection  of  the 
sternum,  he  had  wounded  and  tamponed  with  iodoform  gauze.  The 
wound  healed  and  the  animal  survived.  Del  VoccJiiof  reported  tliat  he 
was  successful  in  keeping  alive  a  dog  that  had  suffered  two  perforating 
wounds  of  the  left  ventricle  and  the  subsequent  operation  of  suturing. 
Salomonil  twice  wounded  and  successfully  sutured  the  canine  heart. 
In  his  cases,  after  15  to  20  days,  the  dogs  were  killed  and  the  wounds 
were  found  healed.  About  one  year  later  F.  Bode§  made  a  series  of 
experiments  on  rabbits  and  published  a  careful  and  detailed  account  of 
his  observations.  He  made  small  wounds  in  the  ventricles  of  the  rabbit's 
heart  and  then  closed  these  with  fine  silk  sutures.  The  conclusions  he 
arrived  at  agree  almost  entirely  with  some  of  Fischei-'s  statements  con- 
cerning the  human  heart.  In  none  of  Bode's  experiments  did  the  heart 
stop  suddenly  after  the  wound  had  been  made  nor  did  the  passage  of 
the  needle  and  suture  and  the  tying  of  the  latter  ever  cause  more  than  a 
temporary  irregularity  of  the  heart's  action.  He  found  that  woiinds 
of  the  right  ventricle  bled  more  freely  and  were  more  difficult  to  manage 
than  those  of  the  left.  Wounds  of  the  auricles  were  very  dangerous  and 
almost  always  resulted  in  the  death  of  the  animal  from  hsemorrhage 
before  the  suture  could  be  applied.  Every  time  Bode  passed  a  needle 
and  suture  through  the  heart-muscle  he  observed  that  .the  next  systolic 
contraction  was  somewhat  delayed,  and  that  there  followed  a"  short 
period  of  arhythmical  heart's  action;  nevertheless  the  heart  soon  recov- 
ered its  regular  movements.  The  wounds  which  he  made  were  very 
small,  however,  and  the  sutures  he  applied  few  in  number.  He  states 
that  he  is  convinced  that  many  of  his  results  can  properly  be  applied  to 
the  human  heart. 

When  we  turn  to  the  human  heart,  we  find  that  suture  of  the  cardiac 
would  has  thus  far  been  done  in  nine  cases.  Some  of  the  reports  are 
very  short,  and  contain  few  details.  Cappelen||  sutured  the  heart-muscle 
of  a  patient  with  a  non-penetrating  wound.  The  patient  died  2|  days 
later  from  secondary  litemorrhage  of  the  coronary  artery.     Farinalf  of 

*  Eosentha],  Deutsche  med.  Vroclieuschr.,  1895,  No.  2. 

t  Del  Yecehio,  Biforma  med.,  1895,  ii,  No.  79;  also   Centralbl.  f.   Chinirgie, 
1895.  p.  574. 
t  Salomoni,  Centralbl.  f.  Chintrgle,  1896,  No.  51. 
§  F.  Bode,  Beitrdffe  z.  klin.  Chirurgie,  1897,  xix,  167. 
II  Cappelen,  Deutsche  med.  Wochenschr.,  1896,  p.  186. 
1[  Farina,  Centralbl.  f.  Chirurgie,  1896,  p.  1224.     • 
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Rome  closed  a  penetrating  wonnd  of  the  left  ventricular  wall  by  two  silk 
sutnres.  The  patient  died  of  pneumonia  one  week  after  the  operation 
and  at  the  post-mortem  examination  the  wound  was  found  firmly  healed. 
At  the  XXVI  Congress  of  the  German  Surgical  Society  held  in  Berlin, 
April,  1897,  Rehn*  reported  a  successful  case  of  suture  of  the  heart. 
This  occurred  in  a  florist,  22  years  of  age,  who,  after  being  stabbed  in 
the  left  side  of  the  chest,  fell  unconscious.  After  three  hours  he  revived, 
dragged  himself  along  the  ground  for  about  500  feet  and  again  fainted. 
Shortly  afterwards  he  was  brought  to  the  hospital  in  a  condition  of 
severe  shock.  In  the  fourth  left  intercostal  space,  three  finger- 
breadths  from  the  parasternal  line,  there  was  a  stab-wound  about  one 
inch  long.  Cardiac  dulness  was  increased  towards  the  right;  dyspnoea 
was  extreme  and  cyanosis  marked.  The  following  morning  his  general 
condition  was  somewhat  improved,  although  he  was  still  suffering  from 
shock.  Towards  noon  of  the  same  day  he  became  very  much  worse, 
the  dyspnoea  and  cyanosis  had  increased,  the  heart-dulness  had  extended 
still  further  to  the  right  and  to  the  left,  and  the  patient  appeared  mori- 
bund. Rehn  having  decided  to  operate  made  an  incision  in  the  fourth 
left  intercostal  space  and  resected  part  of  the  fifth  rib.  The  peri- 
cardial sac  could  now  be  seen.  When  the  left  pleura  was  opened,  a 
large  quantity  of  blood  escaped  from  it.  On  opening  the  pericardial  sac, 
a  penetrating  wound  1^  centimetres  long,  bleeding  freely,  was  found  in 
the  wall  of  the  right  ventricle.  The  edges  of  the  wound  were  approxi- 
mated l)y  three  sutures.  Although  the  case  was  complicated  by  an 
empyema  of  the  left  pleura,  the  patient  recovered  and  remained  well. 

Parrozzanif  published  the  report  of  a  patient  who  received  a  wound 
so  large  that  "  the  little  finger  could  be  passed  into  the  ventricular 
cavity  "  in  the  left  ventricular  wall  near  the  apex  of  the  heart.  The 
wound  was  closed  by  two  deep  and  two  superficial  sutures,  and  the  peri- 
cardial sac  by  six  sutures.  The  wounds  healed  by  primary  union  and  the 
patient  recovered. 

In  a  second  case  operated  on  Ijy  the  same  surgeon,  a  woman  received  a 
stab-wound  through  the  left  ventricle,  which  was  closed  with  two  silk 
sutures.  The  patient  died  of  exhaustion  on  the  second  day  after  opera- 
tion, but  at  the  necropsy  the  heart-wound  was  found  firmly  closed. 

Parlaveechio|  reports  a  remarkable  case.     The  patient,  a  young  man, 

*  Eehn,  loc.  cit. 

t  Parrozzani,  Bull.  d.  r.  Acad.  Med.  di  Roma.  1S97-8,  xxiii,  243;  also  Semaine 
med.,  1897,  No.  23. 

t  Parlavecchio,  Ri forma  med.,  1898. 
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was  alili'  1(1  walk  to  tliu  hospital,  a  distance  ui  one-quarter  ol  a  mil"'. 
He  had  a  wound  in  the  left  intercostal  space  from  which  blood  escaped 
during  each  systole  of  the  heart.  Thei-e  was  a  left  j)neumo-ha'iii«t- 
thorax  and  licart-dulness  very  niiieli  enlarged;  the  pulse  was  weak  and 
irregular  and  the  })atient  was  pale  and  gasped  for  breath.  Kigiit  houis 
after  admission  the  heart  was  exposed  and  a  V-shaped  penetrating  wound 
3.5  centimetres  long  was  found  in  the  wall  of  the  left  ventricle.  The 
wound  was  closed  with  four  interrupted  silk  sutures.  The  patient  made 
an  unevi'iilful  recovery  and  was  discharged  cured  five  weeks  after 
operation. 

Ninni*  reports  the  case  of  a  man,  33  years  of  age,  who  was  stabbed  in 
the  chest  with  a  short  knife.  After  walking  al)out  200  steps  the  patient 
fell  to  the  ground  and  was  brought  to  the  hospital.  He  had  a  wound  in 
the  fifth  left  interspace  in  the  mammary  line.  No  radial  pulse  could  be 
felt,  although  the  heart  was  beating  tumult uously.  The  patient  remained 
unconscious  and  the  heart's  action  became  steadily  weaker,  although  ener- 
getically stimulated.  Without  anesthesia,  an  incision  was  made  in  the 
fifth  interspace  from  the  sternal  margin  to  the  mammary  line,  a  second 
incision  parallel  to  the  first  in  the  third  interspace,  and  a  third  incision 
connecting  these  two  along  the  sternal  margin.  The  left  pleura  was 
incised  and  a  large  quantity  of  clotted  blood  allowed  to  escape  from  it. 
The  pericardial  wound,  wdiich  was  3  cm.  long,  was  enlarged.  In  the 
anterior  wall  of  the  left  ventricle  near  the  apex  was  found  a  wound  25 
mm.  in  length,  from  which  fresh  blood  was  escaping.  The  wound  was 
closed  with  two  silk  sutures  and  the  pericardium  by  a  continuous  suture. 
While  the  left  pleural  cavity  was  being  cleared  of  clots  and  before  the 
cutaneous  flap  was  adjusted,  the  patient  died. 

Pagenstecherf  operated  upon  a  young  man,  17  years  of  age,  who  was 
stabbed  just  under  the  left  nipple  with  a  knife.  After  walking  a  few  steps 
he  fainted  and  was  brought  to  the  hospital,  where  he  soon  regained  con- 
sciousness. Next  morning  he  was  operated  upon,  6  cm.  of  the  left  fifth 
costal  cartilage  were  resected,  the  wound  in  the  pericardium  was  found 
and  enlarged.  Three  cm.  from  the  apex  of  the  heart  there  was  a  \vound 
in  the  wall  of  the  left  ventricle  3^  cm.  long.  A  small  stream  of  bright 
red  blood  issued  continuously  from  the  wound.  After  considerable  dif- 
ficulty sutures  were  introduced  and  the  haemorrhage  was  controlled.  The 
patient  made  a  complete  recovery. 

Suture  of  a  wound  of  the  auricle  has  been  performed,  and  with  relative 

*  Ninni,  Giornale  internaz.  d.  8c.  med.,  1899,  No.  1. 

t  Pagenstecher,  Detitsche  med.  Wochensch?-.,  1899,  Xo.  31. 
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success,  in  one  case  by  Giordano. '•'  The  external  Avoiind  was  in  tlie 
third  left  interspace  in  the  anterior  axillary  line.  After  the  third  and 
fonrth  costal  cartilages  had  been  resected,  a  wound  two  centimetres 
long  was  found  in  the  right  auricular  wall.  This  was  closed  by  four 
superficially  passed  sutures.  Xineteen  days  later,  the  patient  died  of 
empyema,  having  given  no  symptoms  which  pointed  to  lesions  of  the 
heart.  At  the  autopsy  the  cicatrix  of  the  wound  in  the  auricle  could  be 
found  only  with  difficulty. 

Thus,  of  the  foregoing  nine  cases  of  suture  of  the  human  heart,  four 
patients  recovered  entirely;  one  case  died  of  a  complicating  empyema 
nineteen  days  after  operation,  another  died  of  pneumonia  one  week  after 
operation,  a  third  died  from  shock  before  the  operation  was  completed. 
The  other  two  patients  lived  for  two  days  and  died,  the  one  from  a 
secondary  ha?morrhage  from  a  coronary  artery,  the  other  from  exhaustion. 

PAET  II. 

expert:mextal  investigatioxs. 

As  a  contribution  to  the  development  of  this  branch  of  surgical 
procedure,  it  seemed  to  me  of  value  to  attempt  to  determine  how 
extensive  an  injury  the  mammalian  heart  could  safely  withstand,  and 
how  extensive  a  suture  could  be  applied  to  the  heart  without  inter- 
fering with  its  function.  ~\Vith  this  purpose  in  view,  the  following 
experiments  were  made  on  the  heart  of  the  rabbit,  although  I  some- 
times, for  comparison,  examined  the  heart  of  the  dog.  I  chose  the 
rabbit  for  most  of  the  experiments,  because  in  this  animal  one  can 
expose  the  heart  without  opening  the  left  pleural  sac.  The  results 
obtained  in  the  different  animals  agreed  in  all  essential  particulars. 

Under  ether  ant^sthesia,  which  was  employed  iu  all  of  the  experi- 
ments, the  3rd,  -ith  and  5th  ribs  were  exposed  by  a  longitudinal  incision 
through  the  skin  and  the  costal  cartilages  cut  close  to  the  left  border 
of  the  sternum.  These  cartilages  could  with  care  be  dissected  from  the 
muscles  around  'them  and  reflected  outwards.  The  internal  mammary 
artery  was  drawn  outwards  and  the  triangularis  sterni  muscle  divided  near 
its  insertion.  In  this  manner  the  whole  of  the  anterior  surface  of  the 
rabbit's  pericardiuui  could  be  exposed.     The  pericardial  sac  was  then 

*  Giordano,  Riforma  vied.,  1S9S,  Sept.  9  and  10;  Scmaiiic  uicd.,  1S9S,  p.  407. 
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sewn  le  ilie  thdraiic  iiiiiseles  around  ilic  cd^cs  of  the  wduiid  and  then 
opened  by  a  lon.uitudiiial  inei.^ion.  The  liearl  was  thus  exposed  and  could 
be  manipulated  without  danger  to  the  left  ])leura.  In  making  use  of  this 
procedure,  1  had  followed  the  precepts  laid  down  by  Eiselsberg  and 
Gussenbauer  in  ]H'iL'i>iiiiing  pericardotomy  in  man.  I  found  this  pro- 
cedure very  valualile,  for  I  was  able  tlius  to  avoid  almost  uniformly  the 
injuries  to  the  pleura  which  occurred  in  so  many  of  Bode's  experiments, 
and  to  which  the  death  of  a  large  number  of  liis  animals  was  attributable. 

When  the  experiments  and  observations  on  the  heart  of  the  animal 
had  been  made  and  the  wound  in  the  wall  of  the  thorax  w'as  ready  to 
be  closed,  the  cartilages  were  returned  into  place,  the  cut  end  of  the  left 
pectoralis  major  muscle  sewn  to  the  insertion  of  that  of  the  right  side, 
the  serous  surfaces  of  the  outer  pericardial  layer  thus  brought  together, 
and  by  this  means  the  pericardial  sac  again  closed.  The  skin  wound 
was  then  closed  by  interrupted  silk  sutures  and  an  iodoform  collodion 
dressing  applied. 

Most  of  the  animals  recovered  rapidly  from  the  operation.  One  to 
two  hours  after  the  experiment  they  were  running  about  as  if  nothing 
had  been  done  to  them..  Every  one  to  two  days  exact  notes  were  taken 
as  to  their  condition,  character  of  their  hearts'  action,  etc. 

The  experiments  and  the  results  obtained  I  have  arranged  under 
three  headings: 

Series  I.  Wounds  were  made  of  various  sizes  and  in  various  parts 
of  the  heart.     Xo  suture  was  applied  to  the  cardiac  muscle. 

Series  II.     Suture  of  the  normal  intact  wall  of  the  heart. 

Series  III.  Suture  of  the  cardiac  muscle  after  wounds  had  been 
made  in  it. 

Series  I. 

WOUNDS     OF     THE     HEAKT THEIR     SIZE     AND     SITUATION.       THE     HAEMOR- 
RHAGE.      THE   PHYSIOLOGICAL  IRRITABILITY  OF  THE   HEART-MUSCLE. 

The  heart  was  exposed  in  the  manner  above  described  and  manipu- 
lated in  various  "ways.  The  organ  could  be  lifted  w^ell  up  into  the 
thoracic  wound  without  causing  any  appreciable  change  in  the  heart- 
beat. It  could  even  be  draw'n  forward  so  far  that  the  greater  part  of 
the  ventricles  lay  outside  of  the  thorax,  so  that  all  sides  of  the  ven- 
tricles  could   be   thoroughly   examined.     When    part   of  the   heart- 
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muscle  was  grasped  and  gently  compressed  with  a  forceps,  no  appre- 
ciable difference  in  the  character  of  the  heart's  action  was  observable. 
When,  however,  firmer  pressure  was  made,  a  peculiar  and  charac- 
teristic irregularity  was  noticed.  This  irregularity  was  also  to  be 
seen  when  the  heart-muscle  was  punctured  with  a  coarse  teasing 
needle.  Every  time  the  needle  penetrated  the  heart-wall,  there  was 
a  delay  in  the  occurrence  of  the  next  systolic  contraction,  followed  by 
a  short  period  of  very  irregular  action  of  the  heart.  This  irregularity 
wa"s  usually  noticeable  during  the  time  the  needle  was  penetrating  the 
epicardium  and  the  moment  that  the  endocardium  was  pierced. 
After  a  few  moments  the  heart's  action  becomes  regular  again. 
Several  times,   in   order   to   determine   just  when    the   arhythmia 


FIG.  1. 
Transverse  Ligation  of  Ventricles. 


occurred,  I  proceeded  in  the  following  manner.  I  had  noticed  in 
previous  experiments  on  the  rabbit's  heart  that  it  was  possible  to  tie 
a  ligature  transversely  around  a  portion  of  the  ventricles  without 
more  than  temporarily  disturbing  the  heart's  action.  (See  Fig.  1.) 
Though  the  ligature  was  drawn  very  tightly,  the  part  (A)  below  the 
ligature  continued  to  beat,  though  somewhat  more  weakly  than  the 
rest  of  the  ventricles. 

When  the  ligature  was  tied,  there  was  only  a  temporary  irregu- 
larity of  the  heart  lasting  from  two  to  five  minutes.  If  anything  less 
than  one-half  of  the  ventricles  was  thus  tied  off,  the  heart's  action 
remained  strong  and  regular.  When  the  ligature  was  removed,  the 
heart's  action  became  very  rapid,  there  being  often  300  beats  to  the 
minute.     In  less  than  five  minutes,  however,  the  beats  became  slower 
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and  soon  returned  to  the  normal.  Tl"  more  than  one-half  of  the  ven- 
trieles  was  tied  off  in  this  manner,  the  action  of  the  heart  at  once 
hceame  weak  and  very  irregular  and,  unless  the  ligature  was  at  once 
removed,  stopped  in  less  than  one  minute. 

I  tied  off  a  part  of  the  ventricles  in  this  manni'r,  and  made  a  large 
incision  penetrating  into  one  ventricular  cavity.  On  account  of  the 
ligature  around  the  venti'icles  above  the  line  of  incision,  there  was 
no  haemorrhage.  "When  the  heart's  action  had  returned  to  the  normal, 
a  needle  was  pushed  through  the  heart-wall  near  the  line  of  the  inci- 
sion. It  was  forced  forward  very  slowly,  so  that  the  heart-muscle 
was  penetrated  layer  by  layer.  The  exact  moment  when  this  needle 
penetrated  the  epicardial  layer  and,  likewise,  when  it  passed  through 
the  endocardium,  could  be  determined.  While  the  needle  passed 
through  the  epicardium  the  cardiac  action  was  very  irregular. 
Although  at  firet  I  thought  that  the  heart  sometimes  omitted  a  beat, 
I  soon  observed  that  the  irregularity  was  due  to  a  delay  in  each  systolic 
contraction  of  the  ventricles.  With  the  needle  in  this  position,  and 
supposing  that  the  irregularity  would  persist,  I  waited,  but  found  that 
it  disappeared  in  less  than  one  minute.  When  I  then  pushed  the 
needle  slowly  forward  through  the  myocardium,  the  heart  continued 
to  beat  regularly  until  the  needle  reached  and  passed  through  the 
endocardium.  Then  each  systole  again  "  lagged  behind."  Although 
the  needle  was  left  in  place,  passing  through  the  entire  heart-wall, 
the  action  of  the  heart  became  regular  in  less  than  one  minute  and 
remained  so.  I  consider  it  noteworthy  that  the  heart  did  not  omit 
a  single  beat  during  the  whole  of  this  experiment. 

This  irregularity  occurs  also  when  the  auricles  are  similarly  punc- 
tured. As  the  walls  of  the  auricles  are  very  thin,  their  different 
layers  cannot  be  injured  separately,  and,  therefore,  the  exact  moment 
when  the  arhythmia  occurs  cannot  be  determined.  I  was  much 
surprised  to  find  in  two  of  my  animals,  however,  that  this  irritability 
of  the  epicardium  and  endocardium  was  altogether  wanting.  Bode 
believed  that  such  cardiac  arhythmia  occurred  only  during  injury  of 
the  endocardium.  My  observations  seem  to  show^  that  both  epi- 
cardium   and    endocardium    react     in    this    characteristic    manner. 
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Heitler,*  in  his  investigations  on  the  electrical  excitability  of  the 
heart-muscle,  arrived  at  results  which  substantiate  mine.  He  found 
that  the  passage  of  a  weak  galvanic  current  through  the  epicardial 
and  the  endocardial  layers  of  the  heart-wall  caused  an  irregularity 
of  the  heart's  action,  while  the  myocardium  did  not  react  to  the  elec- 
tric current. 

The  haemorrhage  that  occurs  from  needle  punctures  of  the  heart  in 
the  animals  experimented  on  is  always  small  when  the  ventricles  are 
injured,  but  more  considerable  when  the  needle  is  made  to  penetrate 
the  auricular  wall.  In  the  latter  case,  however,  as  well  as  in  punc- 
tured wounds  of  the  ventricles  the  haemorrhage  soon  ceases.  Even 
when  the  needle  is  passed  through  the  Avhole  thickness  of  the  heart, 
thus  traversing  the  walls  of  both  ventricles  and  the  interventricular 
septum,  the  haemorrhage  was  never  so  great  as  to  endanger  the  ani- 
mal's life.  If  the  animal  be  killed  3  or  4  days  after  the  experiment 
and  the  heart  be  then  examined,  the  point  of  puncture  can 
scarcely  be  seen  as  a  slight  depression  on  the  surface  of  the  heart; 
after  one  week  it  is  impossible  with  the  naked  eye  to  find  the  point. 

In  one  animal  the  heart  was  punctured  in  various  directions  a  num- 
ber of  times.  The  haemorrhage  from  the  wounds  was  controlled  by 
compression  with  gauze  and  the  animal  recovered. 

The  range  of  experimentation  was  enlarged  by  incisions  in  the 
cardiac  muscle  in  various  directions  made  by  a  scalpel  with  a  blade 
one  millimetre  in  breadth.  It  is  a  fact,  so  well  known  that  it  needs 
no  comment,  that  the  heart  of  the  rabbit  can  be  made  to  beat  very 
slowly  by  allowing  the  animal  to  inhale  a  few  drops  of  chloroform. 
By  means  of  this  expedient,  it  was  possible  for  me  to  inflict  the 
wounds  with  my  scalpel  during  the  systole  or  the  diastole  of  the 
heart  at  will.  Wounds  that  are  made  during  the  systole  of  the 
injured  part  bleed  more  than  those  made  during  the  diastole.  For 
a  wound  that  is  made  during  systole  becomes  larger  with  the  diastolic 
relaxation  of  the  heart-muscle,  while,  vice-versa,  a  wound  that  is  made 
during  the  diastole  becomes  smaller  with  each  systole.  Thus  a  wound 
of  a  ventricle  2  mm.  long,  made  in  systole,  would  be  almost  3  mm. 

*  Heitler,  Wiener  kiln.  Wochenschr.,  189S,  Nos.  3  and  S. 
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in  size  during  tlii'  diastole;  and  one  of  i'  niiu.  nindo  in  the  \enlricular 
Avail  dnriuii'  a  diastolic  relaxation,  would  heconie  almost  as  small  as 
one  millimeter  dnrina'  the  systolic  contraction. 

The  haemorrhage  from  wounds  that  penetrate  into  one  of  the  heart- 
eavities  is  larger  than  that  from  non-penetrating  wounds.  Wounds 
penetrating  pei-pendicularly  bleed  more  than  those  passing  obliquely 
through  the  heart-wall.  In  the  latter  ease,  the  wound  canal  is  longer 
and,  therefore,  a  condition  more  favorable  to  the  coagulation  of 
blood  in  it  exists.  Also  in  an  oblique  wound  canal  the  wound  sur- 
faces are  more  tightly  pressed  against  each  other  during  the  systolic 
contractions  of  the  part.     (See  Fig.  2.) 


A' 


B' 


FIG.  2. 

To  illustrate  the  Closure  of  a  Wound  passing  obliquely  through 

the  Heart-Wall.     (The  Arrows  represent  Lines  of  Force.) 


"Wounds  of  the  right  ventricle  bleed  more  than  do  those  of  equal 
size  made  on  the  left  side.  Although  the  pressure  of  blood  in  the 
left  ventricle  is  far  greater  than  in  the  right  one,  and,  therefore,  the 
tendency  to  washing  away  of  the  clots  in  the  wounds  far  greater, 
nevertheless,  wounds  on  the  left  side  are  closed  by  coagulation  more 
rapidly  than  on  the  right  side.  This  will  be  readily  understood  if 
we  take  into  account  the  greater  thickness  of  the  wall  of  the  left 
A'entricle  and,  hence,  the  greater  length  of  the  wound  canal.  In 
addition  to  this,  the  blood  in  the  right  ventricular  cavity  contains  a 
larger  amount  of  CO2  and,  hence,  coagulates  more  slowly  than  that 
in  the  left.  Thus  a  penetrating  wound  2  mm.  long  could  be  made 
34 
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in  any  part  of  tlie  left  ventricle  and  the  hsemorrhage  could  be  stopped 
by  means  of  a  gauze  compress.  Such  wounds  will  often  close  without 
suture.  If  the  wound  in  the  left  ventricle  is  larger  than  2  mm.,  the 
animal  regularly  bleeds  to  death  unless  a  suture  is  applied.  Wounds 
2  to  3  mm.  long  in  the  right  ventricle  of  the  rabbit  will  regularly 
cause  fatal  hsemorrhage  unless  the  wound  is  sutured.  If  the  suture 
be  not  employed  in  even  the  smallest  incised  wounds  made  in  the 
auricles,  the  animal  will  bleed  to  death. 

The  hsemorrhage  from  all  these  wounds  was  most  frequently  sys- 
tolic; during  each  contraction  a  small  stream  of  blood  squirting  from 
the  wound.  Diastolic  bleeding  was,  however,  occasionally  observed, 
especially  where  the  wounds  were  very  large.  If  the  wound  is  very 
large  (4  or  more  mm.  in  the  rabbit;  6  to  20  mm.  in  the  dog)  and 
gapes,  the  blood  will  simply  nm  out  of  the  wound  during  the  diastole. 
The  same  can  occur  where  the  opening  is  of  such  a  size  and  shape 
that  it  closes  during  each  systole  and  gapes  during  the  diastole  of  the 
part.  The  systolic  hsemorrhage  is  always  one  under  pressure  and, 
hence,  greater  than  the  diastolic  bleeding. 

Sekies  II. 

THE  NUMBER   OF   SUTURES   THAT   MAY   BE   APPLIED  TO  THE  HEAKT-MUSCLE 

WITHOUT   INTERFERING   WITH    ITS    FUNCTIONAL  ACTIVITY. 

THE    METHOD    TO    BE    FOLLOWED. 

The  purpose  of  this  series  of  experiments  was  to  determine  the 
amount  of  suturing  that  the  heart  could  stand  and  the  best  method  of 
passing  the  sutures. 

In  sewing  the  heart-muscle,  the  stitches  may  be  passed  through  a 
part  or  through  the  Avhole  thickness  of  the  cardiac  wall.  There  are 
some  advantages  in  having  the  suture  pass  through  a  small  part  of 
the  muscle.  In  the  first  place,  although  the  hsemon-hage  from  the 
needle  puncture  is  never  considerable,  except  when  a  blood-vessel 
is  injured,  its  quantity  is  proportional  to  the  amount  of  heai't-wall 
punctured  by  the  needle.  When  the  suture  passes  through  the  peri- 
cardial layer  only  there  is  generally  no  bleeding  at  all.     In  medium- 
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sized  dugs,  the  visceral  perieardiuiii  measures  al)oiit  one-half  a  milli- 
metre in  thickness,  Fnless  a  large  vessel  be  injured,  the  passage  of 
a  snturc  throni;h  this  layer  occasions  no  hlccdini;'  at  all.  The  deeper 
the  sntiire  is  passed,  the  larger  is  the  hajmorrhage. 

In  the  second  place,  the  pericardium,  being  the  toughest  part  of 
the  heart-wall,  is  less  apt  to  \oi\v  Avhcii  little  muscular  tissue  has  been 
included  in  the  s\ituro  with  it.  Should  the  suture  tear  through  the 
muscular  layer,  if  a  considerable  part  of  the  latter  is  included,  it  is 
also  very  apt  to  tear  out  through  the  pericardium.  This  accident 
happened  in  several  of  my  experiments. 

As  the  size  of  the  animal  increases,  so  also  does  the  force  of  each 
contraction  of  the  heart  ])econie  gTeater,  and  hence  the  greater  is  the 
strain  that  the  heart-muscle  and  the  sutures  have  to  withstand.  In 
the  dog's  heart  the  sutures  that  included  a  considerable  part  of  the 
thickness  of  the  wall  tore  out  oftener  than  did  those  similarly  passed 
through  the  cardiac  muscle  of  rabbits.  In  other  words  the  larger 
the  animal,  the  more  apt  is  a  deeply  passed  suture  to  tear  out.  I 
believe,  therefore,  that  sutures  which  penetrate  through  the  epicardium 
and  superficial  layers  of  the  myocardium  only  are  most  certain  to 
hold.  The  sutures  can  be  passed  to  this  depth  with  a  minimum 
amount  of  bleeding  and  a  maximum  of  certainty  that  they  will  hold. 
Where,  however,  a  very  large  wound  exists  and  this  superficial 
suture  would  not  suffice  to  approximate  the  wound  surfaces,  a  deeper 
suture  or  two  tiers  of  suture  must  be  applied. 

Another  point  of  technique  to  which  I  must  call  attention  is  that 
the  sutures  should  be  drawn  tight  and  tied  during  the  diastole  of  the 
part  operated  upon.  In  the  heart  of  the  smaller  rabbits  this  was 
often  impossible  on  account  of  the  great  rapidity  of  the  heart's  action. 
In  the  larger  rabbits  and  in  the  dogs,  however,  where  the  heart  does 
not  beat  so  rapidly,  it  is  always  possible  to  tie  the  sutures  during  a 
diastolic  relaxation.  The  strain  upon  both  the  suture  and  the  heart- 
muscle  is  less  during  both  systole  and  diastole  when  the  suture  is  tied 
during  diastole  than  when  it  is  tied  during  systole.  The  results  I 
obtained  in  my  experiments  with  this  ''  diastolic  suture  "  have  been 
very  satisfactory.     And  I  may  here  state  that,  from  the  time  that  I 
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passed  my  sutures  only  through  the  superficial  layers  of  the  heart- 
wall  and  tied  them  only  during  a  diastolic  relaxation  of  the  part  oper- 
ated on,  I  saw  very  few  of  my  sutures  tear  through  the  muscle  and  so 
become  loose.  Suture  of  the  ventricles  is  easier  than  that  of  the  auri- 
cles, because  the  former  are  easier  of  access  and  their  walls  thicker. 

In  order  to  discover  the  maximum  amount  of  suture  that  the 
heart  could  stand,  I  made  a  number  of  interrupted  and  continuous 
sutures  extending  over  various  distances  of  the  heart-wall.  Regard- 
ing- the  advantages  of  the  interrupted  over  the  continuous  suture,  I 
shall  speak  in  Series  III.  The  functional  activity  of  the  rabbit's 
heart  is  not  interfered  with  even  by  a  very  extensive  line  of  stitches. 
In  several  animals  (see  Experiments  XXIV  and  XXXIII,  pp.  516 
and  518),  a  continuous  suture  was  applied  beginning  at  the  base  of  the 
right  ventricle  and  extending  to  the  apex  and  continuing  over  the 
wall  of  the  left  ventricle  to  the  left  auriculo-ventricular  sulcus.  All 
the  animals  operated  on  in  this  way  recovered  and  remained  well 
during  the  full  time  of  observation  (3  to  12  Aveeks).  In  one  animal 
the  suture  ran  over  a  part  of  the  auricles  also  (see  Experiment  XLI, 
p.  518).  This  animal  likewise  remained  well.  Of  the  histological 
changes  in  the  hearts  of  these  animals  I  shall  speak  later.  It  may 
be  said  in  this  place,  however,  that  the  pathological  changes  consisted 
mainly  in  a  connective  tissue  proliferation  between  and  for  a  small 
distance  around  the  sutures,  while  the  adjoining  muscular  fibres  pre- 
served their  normal  appearance. 

Series  III. 

LARGE  WOUNDS  OF  THE  HEART  IX  THE  RABBIT  AND  THEIR  SUTURE. 

In  this  series  of  investigations,  I  obtained  most  unexpected  results. 
Small  wounds  (2  to  5  mm.)  of  the  rabbit's  heart  when  sutured,  heal 
rapidly  and  well,  so  that  the  process  of  cicatrization  of  the  wound  is 
completed  in  about  14  days.  The  interrupted  suture  has  many 
advantages  over  the  continuous  suture.  The  former,  it  is  true,  takes 
a  somewhat  longer  time  in  its  application  than  the  latter,  but  it  is  more 
certain  to  hold.  If  one  stitch  of  a  continuous  suture  should  tear  out, 
the   whole  suture  would   naturally   become  loosened,    with  the  most 
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clis..„-o„.  .csults.     Bciacs,  ,1,0  i„,o,.n,p,od  sut,,,.  does  not  compress 
so  nK,nv  bundles  of  n.nselo  fibres  as  docs  ,l,o  conrinnons  (sec  L 
and  4).     JIv  Instologieal  inveseigations  have  shown  me  that  this  is 
a  dustmet  advantage,  becanse  all  ,l,c  nn.scle  fibres  that  are  eomprcssed 
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FIG.  3. 


The  Coutinuous  and  the  Interrupted  Suture.     Compare  this  wi 


with  Fig.  4. 


A' 


FIG.  4. 
The  broken  line  C  in  A  is  to  show  the  area  within  which  the 
muscle  fibres  are  compressed  by  the  continuous  suture  \B  (Fi-  3) 
A/  represents  the  condition  in  the  case  of  the  interrupted  suture 
A''  B^  (Fig.  3). 

by  the  ligature  or  suture  eventually  atrophy  and  are  replaced  by  con, 
nectiye  tissue. 

In  yery  large  rounds  (4  to  10  mm.)  of  the  heart  in  rabbits,  the 
haemorrhage  is  of  course  profuse,  and  unless  some  method  to  stop  the 
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bleeding  is  used  and  the  snture  rapidly  applied,  the  animal  will  bleed 
to  death  in  a  few  moments. 


FIG.  5. 

To  illustrate  the  Size  of   the   Incision   made  in  Exp.   XXXVIII. 

Compare  with  this  Figs.  6  and  7. 


Cut  Surface  of  Heart  Two  Months 

after  Exp.  XXXVIII.    (Light 

part  of  figure  is  the 

scar  tissue.) 


FIG.   7. 

Section  of  Heart  of  Rabbit  (Exp.  XXXVIII). 

Incision  is  at  right  angle  to  that 

in  last  figure. 


I  have  described,  in  Series  I,  the  method  by  means  of  which  a  liga- 
ture may  be  tied  around  a  part  of  the  ventricles  (p.  492,  and  Fig.  1). 
It  occurred  to  me  that  by  means  of  this  expedient,  I  should  be  able 
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to  make  very  large  wdiiiids  in  tlic  Nciitriclcs  ot'  my  animals  by  a  true 
"bloodless  method."  Tims  in  a  nunibfr  of  experiments,  after  the 
temporary  ligature  luul  been  applied,  a  small  scalpel  was  pushed 
through  the  whole  thickness  of  the  heart,  perforating  first  the  left 
ventricular  wall,  then  the  septum,  then  the  right  ventricular  wall, 
and  then  made  to  cut  downward  thioniih  the  heart-muscle  until  the 


FIG.  8. 

Rabbit's  Heart,  Three  Months  after  the  Removal  of  the  Lower  Third 

of  the  Ventricles.     (Experiment  XXI.) 

knife  emerged  at  the  apex  of  the  heart.  In  this  manner,  the  lower 
part  of  the  heart  was  cut  into  two  parts  and  both  ventricular  cavities 
opened.  On  account  of  the  provisional  ligature  applied  above  the 
highest  point  of  incision  there  was  no  hemorrhage.  The  whole 
wound  about  2  cm.  long,  was  closed  by  interrupted  sutures  of  fine 
silk.     The  provisional  ligature   was  then  removed.     Of  the   6   ani- 
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mals  thus  operated  on,  one  died  of  lieemorrhage  because,  during  the 
nianipidations,  the  ligature  slipped,  a  second  animal  died  from  sepsis, 
the  remaining  four  recovered  and  remained  well  during  the  full 
period  of  observation  (1  to  12  weeks).  (Experiments  XXVI,  XXVII, 
XXXI,  XXXVIII,  XXXIX,  XLII;  see  Figs.  5,  6  and  7.) 

In  a  similar  manner,  the  incision  was  made  transversely  to  the  axis 
of  the  heart  extending  over  the  whole  wall  of  one  ventricle.  This 
large  gaping  Avound  healed  and  the  animal  remained  well. 

In  another  series  of  animals,  a  tobacco-pouch  suture  was  applied 
around  the  heart,  so  that  one-fifth,  one-fourth,  one-third  and  even 
almost  one-half  of  the  A'entricles  was  below  the  ligature.  This  was 
then  drawn  fast  and  knotted.  The  part  of  the  heart  below  the  liga- 
ture was  then  cut  off  and  the  raw  surface  covered  over  by  a  sero- 
serosa  suture.     A  number  of  animals  thus  operated  on  remained  well 

(rig.  8). 

In  like  manner  one  or  both  auricular  appendages  and,  with  them, 
parts  of  the  auricles  themselves  could  be  tied  off  and  cut  away. 

And,  finally,  it  must  be  mentioned  that  in  not  a  single  one  of  all 
my  experiments  did  sudden  cardiac  arrest  occur. 

PART  III. 

THE    HISTOLOGICAL    CHAA^GES    THAT    OCCUR    IX    THE    PROCESS    OF    HEALING 

OF    CARDIAC    WOUXDS. 

T\"hile  the  literature  concerning  the  histological  changes  that  take 
place  in  the  healing  of  Avounds  of  the  voluntary  muscles  is  large, 
that  dealing  Avith  the  healing  of  Avounds  of  the  heart  is  very  small. 

Histologically,  the  cardiac  muscle  is  peculiar  in  that  its  fibres  con- 
tain transverse  striations  like  all  voluntary  muscles,  but  that  they 
are  not  controlled  by  the  will.  The  muscular  fibrillse  have  no  sarco- 
lemma  and  the  fibres  anastomose  Avith  each  other,  so  that  the  "  whole 
heart  may  be  regarded  as  a  single  branching  muscle  fibre,  Avhose 
branches  anastomose  Avith  each  other." 

It  seems  to  be  fairly  certain  that  in  the  healing  of  AVOunds  of  the 
A^oluntary  muscles,  a  regeneration  of  the  muscle  fibres  is  to  some 
extent    possible.     A   large    number    of    these    young    muscle    fibres 
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eventually  atiHii)liy  and  are  replaced  by  connective  tissue,  but  some 
of  theui  reuiaiu  as  vcizular  muscle  fibres.  Authorities  differ  as  to  the 
origin  of  these  new  fibres.  "While  Waldeyer,*  Weber,f  Ilofmann,:}: 
Robert,§  Zenkerjl  and  others  declare  that  the  new  fibres  are  derived 
from  the  spindle  cells  in  the  interfibrillar  connective  tissue,  other 
investigators  (Renaud,'i  Virchow,  Duplaix,**  etc.)  believe  that  the 
new  fibres  are  derived  from  the  old  ones. 

The  question  whether  a  regeneration  of  the  muscle  fibres  of  the 
heart  ever  takes  place,  is  one  concerning  which  there  is  also  great 
difference  of  opinion.  Heschlf  f  believes  that  he  has  frequently  seen 
new  muscle  fibres  in  microscopic  specimens  from  hypertrophic  human 
hearts.  Goldenberg:}::|:  declares  that  it  is  possible  that  in  hypertrophy 
of  the  heart  "  new  muscle  fibres  are  formed  by  a  longitudinal  division 
of  the  old  fibres."  Tangl,§§  on  the  contrary,  denies  that  a  regeneration 
of  the  heart-muscle  fibres  occurs.  He  never  found  cells  which  he  would 
acknowledge  to  be  transitional  forms  between  a  connective-tissue  cell 
and  a  muscle-cell,  and  never  saw  an  undoubted  mitotic  division  of  the 
nucleus  of  a  muscle  fibre. 

Bonomellll  and  Berentl'f  investigated  this  subject  experimentally 
on  the  rabbit's  heart;  their  conclusions  on  this  point  agree  with  those 
of  Tangl. 

The  method  in  my  examinations  was  the  following:  Each  animal 
was  killed  by  a  sharp  blow  on  the  back  of  its  neck,  the  heart  was 
quickly  removed  and  opened,  and  the  tissues  fixed  by  immersion  for 
24  hours  in  a  10  per  cent  solution  of  formalin  in  water  or  in  Mliller's 
fluid.      The  specimens  were  hardened  in  alcohol  of  increasing  con- 

*  Waldejer,  Yirehow's  Afcliiv,  xxxiv,  473. 

t  Weber,  ibid.,  xxxix,  210. 

t  Hofmann,  ibid.,  cl,  161. 

§  Eobert,  Ziegler's  Beitrage,  x,  109. 

II  Zenker,  Terhandl.  d.  J.  Inteniut.  Congress.,  1890,  ii. 

^  Eenaud,  Gaz.  med.  de  Paris,  1S77,  p.  361. 

**  Duplaix,  Archives  de  vied,  gen.,  1885. 

tt  Heschl,  Comp.  d.  path.  Anat.,  p.  176. 

±±  Goldenbergr,  Virchow's  Archil,  ciii,  88. 

§§  Tangl,  ibid.,  cxvi,  432. 

nil  Bonome,  Ziegler's  Beitrage,  1889,  v,  267. 

II^Berent,  Inaug.-Dissert.,  1887. 
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centration,  embedded  in  celloidin,  sections  cut,  and  then  stained  with 
hsematoxylin  (Delafield),  Van  Gieson's  fluid,  Bismarck  brown,  car- 
mine, and  Weigert's  fibrin  stain. 

In  the  normal  heart-mnscle  of  the  rabbit  the  longitudinal  is  much 
more  marked  than  the  transverse  striation.  The  nuclei  are  long  with 
rounded  ends  and  generally  stain  strongly  with  the  ordinary  staining 
dyes. 

Within  the  first  24  hours  the  whole  wound  area  is  infiltrated  with 
red  and  white  blood  cells;  there  is  fibrin  bet"vveen  the  edges  of  the 


>! 


FIG.  9. 
Trom  Wound  of  Rabbit's  Heart  ^4  hours  after  operation.      Fibrin 
between  the  lips  of  the  wound;  beginning  round- 
cell  infiltration.     X60. 


wound  and  between  the  neighboring  muscle  fibres  (see  Fig.  9).  The 
interfibrillar  capillaries  are  distended  with  blood.  In  a  few  instances 
a  well-marked  ''fragmentation  "  of  the  muscle  fibres  could  be  seen. 
After  48  hours  the  wound  area  is  so  thicldy  infiltrated  Avith  leuco- 
cytes that  it  is  often  difiicult  to  find  the  exact  location  of  the  wound. 
The  fibres  that  are  compressed  by  the  sutures  are  undergoing  degen- 
eration, as  is  shown  by  their  granular  aspect  and  by  the  fact  that 
their  nuclei  will  often  not  take  any  stain.  Around  the  sutures  the 
infiltration  of  small  round  cells  is  very  large.  The  nuclei  of  the 
muscle  cells  near  the  wound  seem   to  be  increased  in  number  and 
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some  scorn  to  be  undergoing'  amitotic  division.  In  the  degenerated 
muscle  fibres,  the  protoplasm  is  broken  up  and  collected  in  little 
masses.  Among  these  fibres  I  have  occasionally  seen  nuclei  under- 
going karyokinetic  changes.  I  have  never,  however,  been  able  to  feel 
convinced  that  these  nuclei  did  not  belong  to  the  interfibrillar  stroma, 
or,  perhaps,  to  the  capillary  wall  and  not  to  the  muscle  fibre. 

By  the  fourth  day  the  area  of  operation  is  still  thickly  infiltrated 
with  small  round  cells.  The  degenerated  muscle  fibres  have  begun 
to  disappear.  Numerous  young  spindle  cells  can  now  be  found. 
Their  shape  and  size  vary  considerably,  and  they  are  very  frequently 


FIG.    10. 

To  illustrate  the  Growth  of  the  young  Spindle  Cells  between  the 

muscle  fibres.     From  the  heart  of  the  rabbit  eight 

days  after  operation.     X60. 

encountered  in  and  just  under  the  pericardium  and  around  the  sutures. 
The  nuclei  in  some  of  these  cells  are  undergoing  mitotic  division. 
Around  the  sutures  just  under  the  pericardium  are  to  be  found  some 
large  giant  cells  with  numerous  nuclei. 

On  the  6th  or  Ttli  day  the  whole  area  of  the  wound  is  filled  by 
these  spindle  cells;  they  have  replaced  all  the  degenerated  muscle 
fibres  and  have  even  penetrated  in  places  between  the  uninjured  ones. 

By  the  10th  day  the  granulation  tissue  is  beginning  to  change  into 
fibrous  tissue,  the  spindle  cells  grow^  longer  and  thinner,  and  the 
small  round  cells  are  disappearing  (Fig.  10).      Giant  cells  still  occur 
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in  the  neigliborliood  of  the  sutures.  This  new-formed  connective  tis- 
sue is  much  larger  in  amount  under  the  pencardium  than  near  the 
endocardinm,  so  that  one  has  the  impression  of  its  being  derived  for 
the  most  part  from  the  subepicardial  connective  tissue. 

At  the  expiration  of  four  weeks,  the  whole  wound  is  filled  by  the 
connective  tissue,  which  extends  for  various  distances  into  and  between 
normal  muscle  fibres.  This  connective  tissue  is  especially  prominent, 
as  stated  above,  between  and  around  the  sutures.     In  the  lieart  where. 


FIG.   11. 

Cross-Section  of  perforating  Wound  of  Rabbit's  Heart  three  weeks 

after  operation.     P,  Epicardium;   M,  Myocardium; 

E,  Endocardium;  F,  Fibrous  Tissue  of  Scar. 

(Semi-diagrammatic.)     X40. 


without  previous  injury  to  the  organ,  a  continuous  suture  has  been 
passed,  the  whole  area  of  the  line  of  sutures  is  transformed  into  con- 
nective tissue,  so  that  there  is  a  band  of  fibrous  tissue  running  along 
the  heart-wall  (Fig.  11). 

In  the  hearts  in  which  an  interrupted  suture  has  been  made,  the 
condition  is  entirely  different.  In  and  around  each  suture  there  is 
considerable  connective  tissue  formation,  but  between  each  of  two 
adjacent  sutures,  some  normal  muscle  fibres  remain.     Thus  in  Fig.  3 
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transverse  section  tlinm<:li  ;m_v  [lart  of  the  line  of  suture  AIJ  would 
show  connective  tissue  liaiids,  while  transverse  sectidu  thi-ouiih  any  of 
spaces,  E,  E',  E",  E'",  etc.  (Fig.  3,  xV'B'),  would  show  that  in  this 
situation  the  muscle  fibres  have  been  preserved,  ^'ear  and  around 
the  sutures,  F,  F',  F",  etc.,  the  connective  tissue  would  have  replaced 
the  muscle  tissue. 

CONCLUSIONS. 

It  would,  of  course,  be  incorrect  to  attempt  to  draw  conclusions 
as  to  the  dangers  and  the  chances  of  success  of  suture  of  cardiac  wounds 
in  man  from  the  results  obtained  by  animal  experimentation.  Ani- 
mals- are  placed  in  very  unfavorable  conditions  after  the  operation. 
They  are  A'er}^  restless  and  cannot  be  kept  quiet.  Ideal  cleanliness  is 
impossible  and  the  animals  may  infect  their  wound  by  rubbing  the 
external  wound  against  the  dirt  on  the  floor  of  their  cage.  From  the 
animal  mortality  in  these  investigations  no  rigid  inferences  applicable 
to  human  beings  can  therefore  be  made. 

Some  conclusions  of  importance  can,  however,  be  drawn.  Above 
all,  my  experiments  seem  to  show  that  the  mammalian  heart  will 
bear  a  much  greater  amount  of  manijDulation  than  has  hitherto  been 
suspected.  Very  large  wounds  of  the  heart  can  heal  and  the  healing 
process  occurs  in  a  manner  entirely  analogous  to  that  in  other  mus- 
cular tissues.  Even  an  extensive  suture  of  the  heart-wall  of  rabbits 
and  dogs,  although  we  know  that  thereby  a  large  number  of  muscle 
fibres  are  destroyed  and  replaced  by  connective  tissue^  does  not  inter- 
fere with  the  function  of  the  cardiac  muscle  as  a  whole. 

Can  some  of  the  results  in  the  above  recorded  experiments  be,  with 
some  restrictions  of  course,  applied  to  the  human  heart '(  I  think  that 
this  question  must  be  answered  in  the  afRrmati\'e.  If  we  com- 
pare the  knowledge  we  possess  of  wounds  of  the  heart  in  man,  with 
that  obtained  from  animal  experiments,  and  find  that  they  agree  in  all 
essential  particulars,  then  we  are  justified  in  reasoning  by  analogy  that 
suture  of  wounds  of  the  heart  in  man  will  give  results  similar  to  those 
obtained  in  the  animal.  In  the  last  few  decades,  the  advances 'made 
in  all  the  branches  of  medicine — especially  in  pathology,  bacteriology 
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and  surgery — have  been  due  to  a  great  extent  to  the  generalization  of 
the  results  of  animal  experimentation.  To  the  careful  and  critical 
investigator,  the  results  obtained  in  the  animal  experiment  have  always 
been  of  the  greatest  value  in  indicating  to  him  the  possibility  of 
results  to  be  obtained  by  similar  procedures  in  the  human  body. 

From  the  study  of  Avounds  of  the  heart  in  man,  and  from  the 
results  obtained  in  my  experiments,  this  conclusion  seems  therefore 
justified:  wounds  of  the  heart  in  man,  when  all  other  means  have 
been  tried  and  found  wanting,  can  and  ought  to  be  closed  by  suture. 
The  application  itself  of  the  suture  is  devoid  of  the  one  great  danger 
that  was  feared  in  the  past,  i.  e.  of  sudden  arrest  of  the  heart  during 
the  manipulations  incident  upon  the  application  of  the  sutures.  The 
number  of  sutures  should  be  as  small  as  possible  so  as  to  limit  the 
amount  of  connective  tissue  which  will  be  formed;  for  all  the  muscle 
fibres  that  are  compressed  by  the  sutures  eventually  atrophy  and  are 
replaced  by  new-formed  connective  tissue.  It  is  probable  that  this 
connective  tissue  Avill  not  lead  to  degenerative  changes  in  the  heart- 
muscle.  On  the  post-mortem  table,  fibrous  plaques  are  often  found  in 
the  otherwise  normal  human  heart.  In  a  number  of  the  muscles  of  the 
body  fibrous  bands — tendinous  intersections  as  they  are  called — are 
normally  found.  In  the  large  number  of  microscopic  sections  of  the 
heart-muscle  that  I  have  examined,  I  could  find  no  evidence  of  path- 
ological changes  in  the  muscle  fibres  some  distance  from  the  scar. 
For  similar  reasons  the  suture  should  always  be  an  interrupted  one. 
We  have  shown  that  there  are  dangers  and  disadvantages  in  the  con- 
tinuous suture  both  on  theoretical  grounds  and  in  practical  use. 

The  sutures  should  be  passed  through  as  little  of  the  heart  sub- 
stance as  possible;  if  they  penetrate  the  epicardium  and  a  small  part 
of  the  thickness  of  the  heart-muscle  it  will  generally  be  sufiicient. 

"When  the  heart's  action  is  not  too  rapid,  each  suture  should  be  tied 
during  a  diastolic  relaxation  of  the  part  under  treatment.  On  this 
point  we  have  not  yet  any  experience  in  man.  Cappelen,*  in  his 
patient,  tied  the  sutures  during  systole.  Rehnf  tied  them  in  his 
case  during  diastole.      Only  time  and  further  experience  will  show 

*  Cappelen,  loc.  cit. 
t  Eehn,  loc.  cit. 
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how  nuicli  imiuirtiUK't'  is  to  Lie  athiclioil  to  this  point.  All  that  can 
be  said,  in  tlic  j)i'esent  state  of  our  knowlodfte,  is,  that  on  theoretical 
grounds  and  from  niiimnl  cNperiniciitation,  it  ninst  be  considered  safest 
to  tie  the  sutures  during  diastole. 

On  first  sight,  it  might  appear  difficult  to  apply  sutures  to  an  organ 
in  such  constant  motion  as  is  the  heart.  In  practice,  however,  the 
difficulties  have  been  proven  not  to  be;  so  great  as  might  appear. 

I'he  heart  may  be  grasped  with  a  forceps  and  the  needle  and  suture 
easily  passed.  It  is  no  more  difficult  to  pass  and  tie  a  suture  in  a 
large  dog  than  in  a  small  rabbit.  Hence  we  should  infer  that  the  dif- 
ficulties of  this  procedure  in  the  human  heart,  are  not  so  great,  a  fact 
that  has  been  borne  out  by  the  experience  of  those  surgeons  who  have 
reported  cases  of  heart-suture  in  man. 

The  cases  will  always  be  few  in  which  this  extreme  method  of  treat- 
ment— for  so  we  must  style  it — is  necessary.  Indeed,  of  the  patients 
that  come  under  the  care  of  the  surgeon,  there  are  some  Avho  will 
recover  from  even  large  heart  wounds  without  any  local  treatment  at 
all.  Cases  have  been  recently  reported  by  Conner,  Brugnoli,  Hamilton 
and  others,  Avhere  after  w-ounds  as  large  as  three  centimetres,  the 
hsemorrhage  ceased  spontaneously  and  the  patients  recovered.  One 
cannot  say,  therefore,  that  wounds  larger  than  a  certain  size  must 
always  be  sutured.     Each  case  must  be  carefully  considered  by  itself. 

When  we  examine  the  nine  cases  of  suture  of  the  human  heart 
in  man  (see  pages  487  to  490)  we  cannot  but  hope  for  considerable 
success  from  this  new  method  of  surgical  procedure.  Of  the  nine 
cases,  four  recovered  entirely,  and  four  died  of  complications  refer- 
able to  other  organs — quite  an  encouraging  record  in  a  few  cases. 

Finally,  I  may  be  permitted  to  summarize  these  conclusions  as 
follows : 

1.  Suture  of  a  wound  of  the  heart  as  a  final  resort  is  an  operation 
worthy  of  consideration  in  some  cases  and  often  justifiable. 

2.  Suture  of  wounds  of  the  heart  in  animals,  and  also  in  man,  is 
devoid  of  the  danger  of  sudden  arrest  of  the  heart,  due  to  the  manipu- 
lation of  the  heart  incident  to  the  procedure,  unless  Kronecker's 
coordination  centre  be  injured. 
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3.  The  suture  should  be  an  iuterruj)ted  one  of  silk,  applied  in  most 
cases  so  that  the  epicardium  and  superficial  layers  of  the  myocardium 
should  be  the  only  ones  penetrated,  and  tied,  when  possible,  during 
diastole. 

4.  Ko  stated  indications  can  be  given  as  to  the  cases  that  are  oper- 
able or  the  time  when  the  operation  should  be  done.  Each  case  must 
be  considered  by  itself  for  symptoms  which  would  justify  operative 
interference. 

"In  conclusion,  I  desire  to  take  this  occasion  to  state  that  through  the 
kindness  of  Dr.  J.  Mikulicz,  Professor  of  Surgery  in  the  University 
of  Breslau,  the  laboratory  of  the  Surgical  Clinic  was  placed  at  my 
disposal,  and  that  the  greater  number  of  my  experiments  were  made 
in  that  laboratory. 

PROTOCOLS  OF  EXPERIMENTS. 

I.  14-vi-'98.  Rabbit.  Weight  1480  gm.;  resp.  132;  piilse  240.  Ether  nar- 
cosis. Median  incision  4  cm.  long.  Pectoralis  major  cut  near  its  insertion 
and  reflected  outwards.  Cartilages  of  4th  and  5th  ribs  cut  close  to  the 
left  border  of  the  sternum  and  also  turned  back,  together  with  the  muscles 
attached  to  them.  Triangularis  sterni  cut.  Internal  mammary  artery 
drawn  outwards.  Pleura  intact.  Bleeding  small.  Pericardium  exposed  on 
its  whole  anterior  surface.  Heart's  action  regular.  It  is  uninfluenced  by 
pressure  on  the  heart  with  a  blunt  instrument  through  the  pericardial  sac. 
Pericardial  sac  now  sewn  to  the  thoracic  muscles  around  the  edges  of  the 
wound,  and  then  opened  by  a  longitudinal  incision.  Heart's  action  still 
regular.  Light  pressure  on  heart  with  blunt  forceps  has  no  appreciable 
influence  on  heart's  action.  When  firmer  pressure  is  made,  the  heart  lags 
behind  for  a  moment,  and  then  beats  very  rapidly.  The  action  of  the  heart 
seems  to  be  unafliected  by  pressure  on  the  auricles.  With  a  small  teasing 
needle  the  left  ventricular  wall  is  jjunctured.  The  next  systole  is  now  de- 
layed for  a  moment,  then  follows  a  short  period  of  irregular  contractions. 
The  needle  is  then  made  to  penetrate  the  cardiac  muscle  deeper  and  deeper. 
As  the  needle  penetrates  the  endocardium  the  same  arhythmia  is  observed. 
The  needle  is  now  withdrawn.  There  is  some  haemorrhage  for  two  minutes. 
The  heart  is  now  punctured  several  times  in  several  parts  of  the  right  and 
left  ventricles,  the  needle  penetrating  each  time  into  the  cavity  of  the  heart. 
The  bleeding  from  all  these  punctures  is  small  and  soon  ceases.  Toilette 
of  the  pericardial  sac.  Ribs  bent  back  into  place.  The  cut  edge  of  the 
left  pectoralis  major  is  now  sewn  to  the  insertion  of  the  right  pectoral 
muscle.  Skin  closed  by  continuous  silk  suture.  Iodoform  collodium  dress- 
ing. After  the  operation  animal  is  weak  on  its  front  legs,  probably  due  to 
the  manner  in  which  it  was  tied  down.  Heart's  action,  as  heard  witli  steth- 
oscope, weak  but  regular.  Loud  pericardial  friction  sound.  R.  120;  pulse 
260. 


Charles  A,  Elsberg  511 

After  one-half  hour  animal  is  running  around  and  eats  grass. 

15-vi-'9S.  Animal  seems  to  ieel  well;  it  runs  around  as  if  nolhiiig  had  been 
done. 

17-vi-'9S.  Pericardial  friction  sound  has  disappeared.  Heart's  action 
regular,  200  to  the  minute.     Resp.  68. 

19-vi-'9S.     Skin  wound  healed.     Animal  well. 

26-vi-'9S.    Animal  seems  to  be  well  in  every  respect. 

27-vi-'98.  Killed.  Post-mortem  examination:  Skin  wound  clean  and 
healed;  pericardial  sac  closed,  adherent  to  heart  over  its  greater  part;  small 
abscess  under  fifth  left  rib.  On  the  surface  of  the  heart,  the  points  of  punc- 
ture can  be  seen  as  small  depressed  spots. 

II.  15-vi-'9S.  Eabbit.  "Weight  1550  gm.;  pulse  180;  resp.  80.  Ether  nar- 
cosis. 

Incision  as  in  Experiment  I.  3rd,  4th  and  5th  cartilages  cut  close  to  left 
border  of  sternum  and  reflected.  Internal  mamnaary  artery  was  torn  but 
caught  and  tied  without  much  loss  of  blood.  Pericardial  sac  sewn  to 
muscles  in  usual  manner  and  opened  as  in  last  experiment.  Heart  is  now 
firmly  grasped  with  forceps  and  pulled  out  of  the  wound.  Delay  in  next 
systole,  followed  by  irregular  heart's  action  for  one  minute;  then  regular 
but  rapid  contractions.  Animal  is  now  made  to  inhale  three  drops  of  chloro- 
form. Heart's  action  becomes  very  slow,  about  60  to  the  minute,  then  more 
rapid  as  the  chloroform  is  taken  awa3^  With  a  small  scalpel,  the  left  ven- 
tricular wall  is  punctured  during  its  diastole  (inhalation  of  chloroform). 
Immediateh'  there  is  considerable  hsemorrhage,  the  blood  squirting  about 
30  to  40  centimetres  high  at  each  sj'stole.  There  is  no  diastolic  loss  of 
blood.  While  the  scalpel  penetrated  the  pericardium  and  likewise  the  endo- 
cardium, marked  irregularity  of  heart's  action.  Wound  tamponed  with 
gauze;  after  about  three  minutes,  tampon  removed  and  hsemorrhage  has 
ceased.  Animal  is  again  allowed  to  inhale  a  few^  drops  of  chloroform. 
Heart's  action  at  once  becomes  very  slow^  and  after  a  few^  beats  ceases  alto- 
gether. Chloroform  is  at  once  removed.  Animal  cries  out  and  has  a  gen- 
eral convulsion.  Heart  can  be  seen  to  be  filled  bj^  dark  blood.  Heart  again 
begins  to  beat,  slowly  at  first,  then  more  rapidlj',  and  at  same  time  wound 
begins  to  bleed  again.  Hsemorrhage  again  ceases  after  tamponade.  Thorax 
wound  then  closed  in  the  usual  manner.  Duration  of  operation  38  minutes. 
After  two  hours,  R.  60;  P.  200.     Animal  is  eating  grass. 

17-vi-'98.     Animal  appears  to  be  well.     Skin  wound  firmh^  closed. 

19-vi-'98.     R.  68. 

26-vi-'98.     Animal  perfectly  well. 

27-vi-'98.  Killed  by  blow  on  back  of  neck.  Post-mortem  examination 
shows  that  pericardial  sac  is  closed  and  adherent  to  thoracic  wall  in  front. 
Parietal  pericardium  adherent  to  the  visceral  layer  onlj'  at  point  of  wound 
in  left  ventricular  wall,  where  both  seem  much  thickened.  Pleura  intact. 
Cardiac  wound  firmly  closed. 

III.  15-vi-'98.  Rabbit.  1400  gm.;  R.  68;  P.  260.  Ether.  Operation  in 
every  respect  like  Experiment  II,  except  that  wound  in  left  ventricle  is 
made  during  the  systole  of  the  part.  Hsemorrhage  is  much  larger  than  in 
preceding  experiment.     It  is  systolic  in  character  but  there  seems  to  be  also 
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some  slight  diastolic  oozing  of  blood.  Same  irregularity  of  heart's  action 
as  in  previous  experiments.  Wound,  which  is  3  mm.  long,  in  transverse 
axis  of  heart,  does  not  gape.  Pressure  applied  to  it  by  means  of  tampon  of 
gauze.  Haemorrhage  ceases  but  begins  anew^  as  soon  as  the  gauze  is  re- 
moved. Bleeding  is  very  large;  heart's  action  becomes  slovs^er  and  irregular, 
hfemorrhage  less;  heart  finally  stops  in  diastole.  Post-mortem  examination: 
Wound  4  mm.  long  in  left  ventricle,  heart  chambers  almost  empty,  marked 
anaemia,  of  all  the  abdominal  organs. 

IV.  15-vi-'9S.  Eabbit.  1550  gm.;  E.  68;  P.  285.  Ether.  Usual  incision; 
4th,  5th  and  6th  cartilages  reflected.  Left  pleural  cavity  opened,  but  at 
once  closed  with  gauze  tampon.  Pericardial  sac  sewn  to  muscles  of  thorax 
and  opened.  During  the  inhalation  of  a  few  drops  of  chloroform,  an  in- 
cision of  3  to  4  mm.  in  length  is  made  in  the  wall  of  the  left  ventricle  dur- 
ing a  systole.  Strong  systolic  bleeding.  Heart  is  at  once  drawn  forwards 
and  wound  closed  by  means  of  pressure  with  anatomical  forceps.  Five  in- 
terrupted sutures  applied.  These  penetrate  only  the  pericardium  and  super- 
ficial layers  of  myocardium.  Bleeding  from  needle  punctures  is  small  and 
ceases  as  soon  as  suture  is  tied.  Heart's  action  irregular  wliile  wound  is 
made  and  sutured.  Thorax  wound  then  closed  in  the  usual  manner.  It  is 
to  be  noted  that  the  compression  of  the  edges  of  the  wound  in  the  heart 
yvHh  the  forceps,  had  no  appreciable  influence  on  the  character  of  the  heart's 
action. 

17-vi-'9S.     Animal  eats  and  seems  well. 

19-vi-'9S.     Skin  wound  healed. 

29-vi'-98.    Wound  healed.     Killed  in  usual  manner. 

Post-mortem  examination:  Parietal  pericardium  adherent  to  visceral 
layer  over  large  part  of  surface  of  heart  and  considerably  thickened  over 
situation  of  wound  in  heart  muscle.  Wound  in  ventricular  wall  firmly  cica- 
trized and  the  scar  seem^  somewhat  depressed. 

V.  17-vi-'9S.  Rabbit.  1940  gm.;  R.  60;  P.  280.  Ether.  Pericardial  sac 
exposed  and  opened  in  the  usual  manner.  During  a  diastole  of  the  ven- 
tricle, incision  3  mm.  long  in  middle  of  left  wall,  and  not  perforating  into 
heart  cavity.  Heart's  action  remains  regular.  Haemorrhage  is  large  and 
systolic.  Bleeding  wound  clamped  by  means  of  artery  forceps.  Forceps 
tear  through  muscle  and  bleeding  again  ensues.  Wound  again  clamped. 
After  3  minutes  clamp  is  loosened  and  removed  and  bleeding  has  ceased. 
Wound  is  seen  to  be  lacerated  one,  measuring  about  6  mm.  in  its  longest 
diameter.  Animal  seems  very  weak.  In  this  experiment,  while  the  chloro- 
form was  given,  the  animal  seemed  to  have  dyspnoea  and  during  the  deep 
respiratory  movements,  heart  was  partly  forced  out  of  wound  of  thorax 
and  hfemorrhage  was  greater  than  at  any  other  time. 

19-vi-'98.     Animal  jumps  around  and  eats  grass. 

24-vi-'98.  Animal  has  just  given  birth  to  five  foetuses  of  about  3  weeks  of 
age. 

26-vi-'98.     R.  80.     External  wound  healed. 
10-vii-'98.     Well  in  every  respect. 
30-vii-'98.     Is  gaining  weight  rapidlj'. 
15-viii-'98.     Well. 
8-ix-'98.     Animal  perfectly  well. 
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\l,  VII,  \111.  Three  rabbits  weighing  14S0,  1720,  1900  gin.  respectively. 
Ether  anaesthesia. 

In  these  three  animals,  the  pericardium  was  exposed  but  not  opened.  By 
means  of  a  needle,  the  heart  muscle  was  injured  by  punctures  tlirough  the 
pericardial  sac  and  the  heart  observed.  In  all  three  animals,  it  was  noted 
that^no  matter  where  the  wound  was  made — as  the  pericardial  sac  became 
more  and  more  filled  by  blood,  the  heart  was  pressed  more  and  more  firmly 
against  the  anterior  wall  of  the  pericardial  sac  and  could  be  plainly  seen 
through  it.  Heart's  action  graduallj'  became  irregular  and  slower  in  each 
experiment.  In  VI,  heart's  action  ceased  in  six  minutes;  in  VII  in  fourteen 
minutes;  in  VIII,  in  sixteen  minutes.  The  post-mortem  conditions  in  the 
three  animals  were  almost  identical.  In  each  the  apex  of  the  heart  was 
found  firmly  pressed  against  the  anterior  wall  of  the  pericardial  sac;  the 
heart  cavities  of  each  animal  were  almost  empty. 

IX.  17-vi-'9S.  Eabbit.  1590  gm.;  P.  148;  E.  48.  Ether.  Internal  mam- 
mary artery  injured  and  secured  onl^'  after  considerable  haemorrhage.  Dur- 
ing this  procedure,  a  large  rent  was  made  in  the  left  pleura.  Thoracic 
w^ound  at  once  closed.  Animal  remained  very  weak  for  several  days  after 
the  experiment. 

28-vi.-'9S.     Killed  by  blow  on  neck.     Large  abscess  in  left  pleural  cavity. 

X.  17-vi-'98.  Rabbit,  medium  size.  R.  48;  P.  208.  Ether;  incision  and 
resection  of  4th  and  5th  ribs  in  usual  manner.  Heart  is  drawn  upwards  by 
means  of  a  forceps  and  during  diastole,  a  wound  2  mm.  long  is  made 
obliquely  in  middle  of  right  ventricle.  Characteristic  arhythmia  for  three 
minutes.  Haemorrhage  systolic.  Heart  is  allowed  to  drop  back  into  peri- 
cardial sac  and  wound  is  compressed  with  gauze.  After  several  minutes 
bleeding  stops.  External  wound  closed  in  usual  manner  after  toilette  of 
pericardial  sac.  Respiration  60;  pulse  ISO.  After  one  hour  animal  jumps 
around  in  its  cage  as  if  nothing  had  been  done  to  it. 

23-vi-'9S.  Skin  wound  healed. 

26-vi-'98.  Well  in  every  respect. 

2S-vi-'9S.  Killed.  Skin  wound  clean  and  firmly  healed.  Pericardium  ad- 
herent to  heart  only  over  the  spot  where  the  right  ventricle  had  been 
wounded.  Other  organs  normal. 

XI.  19-vi-'98.  Rabbit.  1870  gm.,  R.  88;  P.  224.  Ether.  Heart,  exposed  in 
usual  manner,  drawn  into  wound  and  firmly  compressed  with  anatomical 
forceps;  heart  now  beats  very  irregularlj'.  It  is  then  punctured  with  a 
scalpel,  the  blade  passing  through  the  wall  of  the  left  ventricle,  septum  and 
wall  of  right  ventricle. 

Enormous  systolic  haemorrhage,  and  some  oozing  during  each  diastole. 
Pericardial  sac  packed  with  gauze.  After  three  minutes  gauze  is  removed; 
haemorrhage  has  ceased.  External  wound  closed  in  the  usual  manner.  Ani- 
mal is  very  weak.  R.  92;  P.  240.  Died  three  hours  later.  Through  an 
error,  the  body  of  the  animal  was  removed  before  a  post-mortem  examina- 
tion had  been  made. 
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XII.  19-vi-'98.  Eabbit.  1200  gm.;  R.  68;  P.  240.  Under  ether,  heart  is 
exposed  in  usual  manner.  Eight  auricle  punctured  at  its  middle  with  a 
"  teasing-needle."  As  the  needle  is  withdrawn,  a  rent  is  made  in  the  auricu- 
lar wall,  and  a  large  htemorrhage  ensues.  Wound  is  at  once  tamponed  with 
gauze.  After  4  to  5  minutes  tampon  is  removed;  bleeding  has  stopped.  Ex- 
ternal wound  quickly  closed.  Animal  is  found  dead  in  its  cage  the  next 
morning'.  Post-mortem  examination:  Pericardial  sac  filled  Avith  clotted 
blood. 

XIII.  20-vi-'98.  Rabbit.  1480  gm.;  R.  52;  P.  192.  Ether.  Heart,  exposed 
in  usual  manner,  is  drawn  foi'wards  with  forceps,  and  seven  interrupted 
sutures  of  fine  silk  passed  through  wall  of  left  ventricle.  The  sutures  are 
2  mm.  apart  and  do  not  penetrate  into  the  heart  cavity.  During  the  pas- 
sage of  the  needle,  characteristic  arhythmia.     Thorax  wound  closed. 

2C-vi-'98.     Skin  wound  healed. 

10-vii.-'98.  Small  abscess  in  line  of  wound  opened.  It  does  not  communi- 
cate with  thoracic  cavity. 

20-vii-'98.     Abscess  cavitj^  clean  and  healed. 

22-vii-'98.  Killed.  There  is  a  small  abscess  of  deeper  layers  of  wall  of 
thorax,  extending  into  the  mediastinum  but  not  into  the  pericardial  sac. 
Parietal  pericardium  adherent  to  the  visceral  layer  of  greater  part  of  an- 
terior surface  of  heart.  On  account  of  thickened  pericardium,  it  is  almost 
impossible  to  see  the  exact  line  where  the  sutures  had  been  applied. 

XIV.  20-vi-'98.  Rabbit.  Weight  1400  gm.;  R.  52;  P.  248.  Continuous  su- 
ture of  seven  stitches  in  upper  part  of  right  ventricle.  Characteristic 
arhythmia.  During  the  toilette  of  the  pericardial  sac,  animal  awakes  from 
the  anaesthesia,  struggles  violently,  and  both  pleurae  tear.  Heart's  action 
at  once  becomes  very  slow,  and  stops  after  four  beats. 

XV.  22-vi-'98.  Rabbit.  1840  gm.;  R.  56;  P.  124.  Ether.  Heart  exposed 
in  usual  manner.  Heart  is  drawn  forwards  with  mouse-tooth  forceps  and 
one  fine  silk  suture  is  inserted  in  the  lower  part  of  the  w^all  of  the  left 
ventricle.  B}^  means  of  this  thread,  heart  is  now  drawn  well  forward. 
When  lower  part  of  ventricles  is  compressed  with  forceps,  characteristic 
arhythmia  is  observed.  Through  the  pressure  of  the  mouse-tooth  forceps, 
the  cardiac  muscle  is  injured  over  the  lower  part  of  the  septum  ventriculo- 
rum,  and  the  left  (?)  ventricular  cavity  is  opened.  A  tremendous  systolic 
haemorrhage  follows.  Wound  is  at  once  closed  by  three  interrupted  sutures. 
Toilette  of  pericardial  sac.     External  wound  closed. 

23-vi-'98.  Animal  jumps  around  and  eats  grass. 

10-vii-'98.  Well  in  every  respect. 

30-vii-'98.  Is  gaining  in  weight,  now  weighs  1920  gm. 

10-ix-'98.  Is  perfectly  well. 

XVI.  22-vi-'98.  Rabbit.  1715  gm.;  R.  48;  P.  140.  Ether.  Four  inter- 
rupted sutures  through  upper  part  of  wall  of  right  ventricle,  2  mm.  apart, 
and  all  penetrating  into  ventricular  cavity.  Bleeding  from  needle-punc- 
tures is  small.  Toilette  of  pericardial  sac.  Thoracic  wound  closed  in  usual 
manner. 
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10-vii-'9S.     External   wound  healed  and   animal   j^aining   in  weif^rjit. 

li-viii-'9S.  Killed.  Post-mortem  examination:  External  wound  healed. 
Small  abseess  under  skin  containing'  about  one  drop  of  ])us.  I'iirietal  peri- 
cardium adherent  to  the  visceral  layer  onl\'^  over  the  situation  of  the  su- 
tures.    Surface  of  heart  has  smooth  normal  ajipearance. 

XVIT.  2:!-vi-';)S.  Kabbit.  1000  gm.;  K.  GS;  P.  1S4.  Ether.  Six  interrupted 
silk  sutures  in  upper  part  of  wall  of  left  ventricle.  Suture  includes  only 
perieardinni  and  su])erficial  layers  of  myocardium.  There  is  almost  no 
bleediiiii'.     t'haracteristic  arhythmia  absent. 

10-vii-'S)S.     AVound  healed. 

2-viii-'98.     Animal  has  increased  in  weight,  now  weighs  1400  gm. 

3-viii-'98.  Killed.  Post-mortem:  External  wound  clean  and  healed.  Peri- 
cardial sac  closed  and  adherent  to  visceral  pericardium  of  greater  part  of 
anterior  surface  of  heart.     Heart  muscle,  on  section,  looks  normal. 

XVIII.  23-vi-'9S.  Rabbit.  1920  gm.;  R.  JOO;  P.  220.  Ether.  Wound  3 
mm.  long  and  3  mm.  deep  made  over  the  middle  of  the  septum  of  the  ven- 
tricles on  the  anterior  surface  of  the  heart.  Hfcmorrhage  systolic.  Wound 
closed  by  five  fine  silk  sutures.     External  wound  closed  in  usual  manner. 

26-vi-'98.     Animal  seems  well. 

l-vii-'98.  Is  found  dead  in  its  cage.  Post-mortem  examination  shows 
large  abscess  in  thoracic  wall.     Wound  in  heart-wall  firmly  closed. 

XIX.  24-vi-'9S.  Rabbit.  1580  gm.;  R.  76;  P.  200.  Ether.  Usual  operation 
for  exposure  of  heart.  During  this  procedure,  the  internal  mammary  ar- 
tery was  cut;  it  was  however  ligated  before  much  bleeding  had  occurred. 
One  suture  in  the  middle  of  the  wall  of  the  left  and  another  in  the  middle 
of  the  wall  of  the  right  ventricle.  Continuous  suture  of  six  stitches  in  the 
lower  part  of  the  wall  of  the  right  auricle.  All  the  sutures  penetrate  into 
the  heart  cavities.  The  bleeding  from  the  needle-punctures  is  small  and  is 
immediately  arrested  when  the  suture  is  drawn  tight  and  tied.  Heart's  ac- 
tion rapid  and  irregular. 

26-vi-'98.     R.  92.     Animal  appears  to  be  w^ell. 
10-vii-'98.     R.  92.     External  wound  healed. 

22-vii-'9S.  Killed.  Wound  in  auricle  firmly  healed  and  parietal  pericar- 
dium adherent  to  it.     All  other  organs  normal. 

XX.  24-vi-'9S.  Rabbit.  1380  gm.;  R.  88;  P.  200.  Ether.  Penetrating 
wound,  3  mm.  long  over  sej)tum  of  the  ventricles.  Haemorrhage  sj'stolic. 
Four  interrupted  sutures.  A  second  Avound,  4  mm.  long,  is  made  in  apex 
of  the  heart,  penetrating  into  the  left  ventricle.  It  is  closed  by  four  in- 
terrupted silk  sutures.     Heart's  action  rapid  but  strong. 

26-vi-'98.     Is  well.     R.  92. 

10-vii-"98.     Skin  wound  firmly  healed.     R.  SO. 

20-viii-'98.  Animal  is  gaining  in  weight.  Xow  weighs  1500  gm.  Killed. 
Wounds  in  heart-muscle  are  firmlj^  cicatrized  and  the  parietal  pericardium 
firmly  adherent  to  visceral  lajer  over  them. 
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XXI.  24-vi-'9S.  Rabbit.  1600  gm.;  E.  68;  P.  200.  Ether.  Heart  exposed 
in  usual  manner.  A  tobacco-pouch  siiture  is  applied  transversely  around 
the  ventricles,  so  that  the  lower  third  of  the  ventricles  is  below  the  suture. 
This  is  then  drawn  tight  and  tied.  The  part  of  the  ventricles  that  is  thus 
cut  off  from  the  rest  of  the  heart  continues  to  contract,  but  one  has  the 
impression  that  each  contraction  lags  behind  a  moment.  The  action  of  the 
whole  heart  remains  good.  The  portion  of  the  ventricles  below  the  suture 
is  then  excised  and  the  pericardium  united  over  the  cut  surface.  Heart's 
action  remains  good  and  there  is  no  bleeding.  Toilette  of  the  pericardial 
sac.     External  wound  closed  in  usual  manner. 

25-vi-'98.     Animal  seems  to  be  well. 
30-vi-'98.     External  wound  healed. 
10-viii-'98.     Now  weighs  1800  gm. 
10-ix-'98.     Is  perfectly  well. 
20-ix-'98.     Killed. 

XXII.  25-vi-'98.  Rabbit.  1410  gm.;  R.  100;  P.  280.  Ether.  A  penetrating 
wound,  one  centimetre  long,  is  made  in  the  wall  of  the  right  ventricle  dur- 
ing a  diastole.  A  tremendous  haemorrhage  follows  which  cannot  be  totally 
controlled  by  compression  of  lips  of  wound  with  arterj^  forceps.  Five  in- 
terrupted sutures  of  silk  close  the  Avound  and  control  the  bleeding.  Sev- 
eral of  these  sutures,  having  been  tied  during  systole,  tear  out  through  the 
muscle.  Fresh  sutures  are  passed  and  these  are  tied  during  diastole.  Every 
one  of  these  holds. 

26-vi-'98.     Very  weak  and  will  not  eat. 

27-vi-'98.  Found  dead  in  its  cage.  Post-mortem  examination:  Pericar- 
dial sac  filled  with  clotted  blood.  The  lower  two  sutures  in  heart-muscle, 
having  been  applied  and  tied  during  a  sj'stole,  have  torn  through  the  muscle 
and  the  animal  has  gradually  bled  to  death. 

XXIII.  25-vi-'98.  Rabbit.  1510  gm.  Ether.  Incision  one-half  centimetre 
long  in  wall  of  right  ventricle  near  septum.  Closed  by  continuous  suture, 
each  stitch  of  which  is  drawn  tight  during  a  sj-stolic  contraction  of  the 
ventricles.  Several  of  the  stitches  tear  through  the  heart-muscle  and  enor- 
mous haemorrhage  ensues.  Heart's  action  becomes  very  slow  and  irregular 
and  soon  stops. 

XXIV.  27-vi-'98.  Rabbit.  1750  gm.;  E.  48;  P.  220.  Ether  anaesthesia.  A 
continuous  suture  Avas  applied  to  the  wall  of  the  left  ventricle,  beginning 
at  the  base  and  extending  to  the  apex  of  the  ventricle,  and  the  suture  is 
there  continued  along  the  wall  of  the  right  ventricle  from  apex  to  base. 
Sixteen  stitches  passed,  some  of  which  penetrate  into  heart  cavity,  others 
pass  through  the  pericardium  and  superficial  layers  of  myocardium  only. 
The  bleeding  from  the  superficial  needle  punctures  is  much  smaller  than 
that  from  the  penetrating  punctures.  Characteristic  arhythmia  each  time 
the  needle  is  passed.  Several  of  the  stitches  tear  out  of  the  muscle  and  have 
to  be  applied  a  second  time. 

28-vi-'98.     Animal  appears  to  be  well. 

10-vii-'98.     Animal  has  been  perfectly'  well.     Skin  wound  firmly  healed. 
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10-ix-'9S.  Animal  has  been  steadily  gfaiiiiiip:  in  wi'i<rlit.  Kilh-d  liy  lilow  on 
neck.  Post-mortem  examination  shows  that  heart's  surface  is  smooth  and 
free,  except  along  line  of  suture  where  visceral  pericardium  is  considerably 
thickened. 

XXV.  27-vi-'9S.  Rabbit.  1570  gm.;  R.  64;  P.  204.  Ether  aniesthesia. 
Rig-ht  and  left  appendix  auricula?  tied  off  and  cut  off.  Toilette  of  pericar- 
dial sac. 

2S-vi-'9S.     R.  G4;  P.  220. 

10-vii-'98.     Seems  perfectly  well. 

29-vii-'9S.     Animal  looks  sick. 

30-vii-'9S.  Died.  At  the  post-mortem  examination  the  heart  wounds  can- 
not be  found,  the  pericardium  is  very  much  thickened  over  the  whole  heart. 
Jlacroseopicalh'  and  microscopically  heart-muscle  is  normal.  Marked  hepa- 
tic coccidiosis. 

XXVI.  27-vi-'98.  Rabbit.  1840  gm.;  R.  64;  P.  200.  Ether.  A  temporary 
ligature  tied  transversely  around  ventricles  so  as  to  include  about  one-third 
of  the  ventricles  below  the  ligature.  A  small  scalpel  is  then  made  to  pass 
through  the  whole  thickness  of  the  heart  below  the  ligatures,  thus  pene- 
trating the  wall  of  left  ventricle,  the  septum  bet^veen  the  ventricles  and  the 
wall  of  the  right  ventricle.  The  scalpel  is  then  made  to  cut  downwards  to- 
ward the  apex  and  through  it,  so  that  this  lower  part  of  the  heart  is  di- 
vided into  two  and  both  ventricular  cavities  opened.  On  account  of  the  pro- 
visional ligatiire.  there  is  no  bleeding.  The  wound,  about  one  centimetre  in 
length  is  closed  bj"  eight  interrupted  sutures.  Provisional  ligature  then  re- 
moved. There  is  no  bleeding.  Toilette  of  pericardial  sac.  Suture  of  ex- 
ternal wound. 

10-vii-'9S.  External  wound  healed.     Animal  is  well  in  all  respects. 

20-ix-'9S.  Now  weighs  2020  gm.     Killed.     Post-mortem  examination  shows 

that  heart  wound  is  firmly  healed  and  parietal  pericardium  is  adherent 
over  it. 

XXVII.  27-vi-'98.  Rabbit.  2000  gm.  Same  operation  as  in  Experiment 
XXVI. 

10-vii-'98.     External  wound  healed.     Animal  well. 
20-vii-'9S.     Is  losing  in  weight  and  looks  badly. 

29-vii-'9S.  Found  dead  in  its  cage.  Large  abscess  in  mediastinum.  It 
does  not  communicate  with  heart  wound,  which  latter  is  firmly  cicatrized. 

XXVIII.  30-vi-'98.  Rabbit.  2160  gm.  Same  operation  as  Experiment 
XXI.     After  operation  animal  was  verj-  weak  and  died  forty  hours  later. 

XXIX.  30-vi-'98.  Rabbit.  2440  gm.;  R.  64;  P.  220.  Ether.  Wound  6  mm. 
long,  penetrating  left  ventricle.  Systolic  haemorrhage.  Wound  closed  rap- 
idlj-  bj-  four  interrupted  sutures.  Another  wound  3  mm.  long  and  pene- 
trating into  cavity  of  right  ventricle  made  and  closed  with  two  sutures. 
Right  appendix  auriculae  tied  off  and  cut  off  below  ligature. 

S-vii-'98.     External  wound  healed.     Animal  well. 

5-viii-'98.     Is  gaining  in  weight. 

6-ix-'98.     Is  very  well.     To-day  gave  birth  to  four  young  ones. 
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XXX.  Rabbit.  1450  gm.  Same  operation  as  in  Experiment  XXI  except 
that  somewhat  more  than  one-third  of  ventricles  was  excised.  Animal  very 
weak  and  died  eighteen  hours  after  the  experiment. 

XXXI.  7-vii-'98.  Rabbit.  2050  gm.  Same  operation  as  in  Experiment 
XXVI.  Eight  sutures  applied  superficially  in  the  usual  manner.  There 
is  no  bleeding",  and  heart's  action  remains  strong  and  good. 

21-Tii-'98.  Animal  has  remained  well.  Killed.  Heart  wound  healed.  Scar 
is  broad  and  thin  and  bulges  a  little. 

XXXII.  S-vii-'98.  Rabbit.  2230  gm.  Operation  in  all  respects  similar  to 
Experiment  XXIV.  During  the  manipulations  several  of  the  stitches  tore 
out"  and  animal  lost  considerable  blood.  It  remained  \erx  weak  and  died 
ten  hours  later. 

XXXIII.  8-vii-'98.  Rabbit.  2450  gm.;  R.  64;  P.  220.  Operation  as  in  Ex- 
periment XXIV,  except  that  the  continuous  suture  consisted  of  24  stitches. 

10-viii-'98.     Is  well;  external  wound  healed.  • 

10-ix-'9S.     Well  and  gaining  in  weight. 

XXXIV.  ll-vii-'98.  Rabbit.  1850  gm.  The  same  method  of  operation  as 
in  Experiment  XXI  except  that  onlj'  one-fourth  of  the  ventricles  is  ex- 
cised. This  animal  remained  Avell  and  at  the  expiration  of  seven  days,  when 
the  skin  wound  was  healed,  it  was  killed  and  the  heart  removed  for  micro- 
scopical examination. 

XXXV.  12-vii-'98.  Rabbit.  1300  gm.  Operation  similar  to  Experiment 
XXI. 

10-ix-'98.     Animal  has  remained  well  and  is  gaining  in  weight. 

XXXVI.  13-vii-'98.  Rabbit.  1200  gm.  Ether.  Appendix  auriculjB  and 
about  one-fourth  of  the  left  auricle  tied  off  bj*  a  ligature  thrown  around  it 
and  cut  off. 

10-ix-'98.     Aniiual  has  remained  well. 

XXXVII.  13-vii-'98.  Rabbit.  1200  gm.  Operation  as  in  Experiment  XXI. 
Killed  after  four  days  for  microscopical  study  of  heart. 

XXXVIII  and  XXXIX.  18-vii-'9S.  Weight  of  each  rabbit  1100  grammes. 
Each  operation  as  in  Experiment  XXVI  with  similar  observations  made  as 
in  that  experiment. 

10-ix-'98.     Both  animals  have  remained  well  and  have  gained  in  weight. 

XL.     20-vii-'9S.     Rabbit.     2000  gm.     Operation  as  in  Experiment  XXI. 
20-viii-'98.     Is  well  and  gaining  in  weight. 

XLI.  20-vii-'9S.  Rabbit.  1500  gm.  Same  operation  as  in  XXIV  except 
that  a  part  of  both  auricles  was  included  in  the  continuous  suture. 

15-viii-'98.     Skin  wound  healed  and  animal  seems  to  be  well. 

20-ix-'9S.  Killed.  Heart  surface  smooth.  Xo  adhesions  between  parie- 
tal and  visceral  layers  of  pericardium. 
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XLII.  20-vii-'yS.  Kiibbit.  ISoO  gm.  Operation  as  in  Experiment  XXVI. 
The  provisional  ligature  slipped,  an  enormous  hieniorrhage  ensued,  which 
caused  the  death  of  the  animal  in  a  few  moments. 

XLIII  to  XLIX.  In  these  experiments,  wounds  as  in  XXI,  X\l\  and 
XXVI  were  made  and  the  animals  killed  in  one  to  seven  days  for  liisto- 
logieal  purposes. 

L.  Medium-sized  dog.  Morphine  and  ctlier.  Diii'ing  the  manijtulat ions 
incident  on  exposure  of  the  pericardial  sac,  but  pleurae  were  opened  and 
before  artificial  respiration  could  be  begun,  the  heart  stopped  beating. 

LI.  Medium-sized  dog.  Morphine,  gr.  Vi-  Ether  anaesthesia.  Tracheo- 
tomy performed  and  cannula  inserted  into  trachea  and  made  ready  for 
connection  with  apparatus  for  artificial  respiration.  Fourth,  fifth  and  sixth 
ribs  exposed  by  longitudinal  incision  along  left  border  of  sternum.  About 
l^A  inches  of  each  of  these  ribs  excised.  Left  pleura  incised  and  pericardial 
sac  quickh"  grasped  and  drawn  up  into  wound.  It  was  then  sutured  to  the 
muscles  around  the  edges  of  the  thoracic  wound  and  opened  by  a  longitudi- 
nal incision.  The  heart  was  then  manipulated  In  a  manner  similar  to  that 
described  for  the  rabbit's  heart.  It  was  grasped  with  a  forceps,  punctured 
with  needles,  a  ligature  thrown  around  the  lower  portion  of  the  ventricles 
and  tied  tightly,  etc.  The  results  obtained  were  analogous  to  those  in  rab- 
bits. The  same  arhythmia  of  the  heart,  the  same  irritabilitj'  of  the  peri- 
cardium and  endocardium  was  present.  Haemorrhage  from  the  needle  punc- 
tures was  less  than  in  the  rabbits.  When  the  pericardium  alone  was  pene- 
trated, there  was  no  bleeding  at  all.  When  the  needle  was  made  to  pene- 
trate into  the  ventricular  cavitj',  the  haemorrhage  was  somewhat  larger  , 
but  ceased  quickly.  The  right  ventricular  wall  was  punctured  with  the 
needle;  the  bleeding  was  larger  than  on  the  left  side  but  also  soon  ceased. 
A  continuous  suture  from  base  to  apex  of  right  ventricle  was  made.  The 
application  of  the  suture  was  easier  than  in  the  smaller  animals.  Toilette 
of  the  pericardial  sac,  after  which  the  latter  was  closed  by  continuous  silk 
suture,  and  the  muscles  and  skin  sutured.  Tracheotomy  wound  closed  and 
iodoform  collodion  dressing  applied  to  both  wounds. 

Two  hours  later  the  dog,  though  still  under  the  influence  of  the  mor- 
phine, was  attempting  to  run  around.  The  animal  was  found  dead  in  his 
cage  next  morning,  ten  hours  after  operation.  Post-mortem  examination 
showed  that  from  some  cause,  perhaps  the  restlessness  of  the  animal,  both 
pleurae  had  been  torn  and  both  pleural  cavities  contained  a  small  quantity 
of  bloodj'  serum. 

LII.  Large  Dog.  Heart  exposed  in  the  same  manner  as  in  Experiment 
LI.  A  wound  1.5  centimeters  long,  penetrating  into  the  left  ventricular 
cavity  was  made.  An  enormous  haemorrhage  ensued.  The  w^ound  was 
closed  by  pressure  with  artery  forceps.  The  edges  of  the  wound  were  then 
united  by  means  of  two  deep,  buried,  and  two  superficially  placed  sutures. 
All  the  sutures  were  tied  during  systole.  Pericardial  sac  and  external 
wound  closed  as  in  LI.  Death  eight  hours  later.  Post-mortem  examination 
shows   wound  1.5   ctm.   in  left  ventricular  wall   to   be   firmly   closed.     Left 
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pleural  cavitj^  half-filled  with  fluid  blood.  When  the  superficial  sutures 
were  cut  and  the  deeper  parts  of  the  heart-wound  were  examined,  the 
buried  sutures  were  found  to  have  partially  torn  out  through  the  heart- 
muscle. 

LIII.  ISIedium-sized  Dog.  Heart  exposed  by  a  procedure  similar  to  that 
of  Experiments  LI  and  LII.  Interrupted  sutures  were  applied  to  numerous 
points  on  both  ventricular  walls  in  order  to  investigate  the  best  method 
of  applying  and  tying  the  sutures.  Suture  through  whole  thickness  of  left 
wall  near  base.  This  suture  tears  out  at  once,  and  necessitates  the  appli- 
cations of  two  superficial  sutures  penetrating  only  the  pericardium  and 
superficial  layers  of  myocardium.  These  hold.  Three  sutures  passed 
through  left  ventricular  wall  and  three  through  right  ventricular  wall. 
Two  of  the  sutures  on  each  side  (a,  b)  tied  during  systole,  the  remaining 
one  (c)  during  diastolic  relaxation  of  the  ventricles.  Of  these,  two  of  the 
former  (a,  b)  tear  through  the  heart-muscle.  Two  sutures  applied  to  re- 
place these  and  tied  in  diastole;  they  hold.  Pericardial  layer  incised  for 
about  two  centimetres.  The  bleeding  is  considerable  at  first  but  ceases 
after  compression  with  gauze.  An  attempt  was  made  to  observe  the  effects 
of  heart  tamponade.  An  incision  1  cm.  long  was  made  in  the  wall  of  the 
right  ventricle  and  the  opening  in  the  pericardial  sac  rapidly  closed  by 
means  of  artery  forceps.  The  bleeding  was  so  great,  however,  that  the  sac 
burst  in  its  lower  and  posterior  part  and  the  animal  died  in  a  few  moments 
from  the  blood  that  escaped  into  the  left  pleural  cavity. 

Six  experiments  on  rabbits,  in  which  observations  on  the  physiological 
irritability  of  the  heart-muscle  were  made  are  not  described  in  order  to 
save  repetition  of  what  has  been  detailed  in  Part  II,  Series  I,  page  491. 


A  CASE  OF  ACUTE  ENDOCARDITIS  CAUSED  BY  MICRO- 
COCCUS ZYMOGENES  (NOV.  SPEC),  WITH  A  DE- 
SCRIPTION OF  THE  MICROORGANISM.* 

By  WILLIAM  G.  MacCALLUM,  M.  D.,  and  THOMAS  W.  HASTINGS,  M.  D. 
{From  ihe  Pathological  Laboratory  of  the  Johns  Hopkins  University  and  Hospital.) 

Clinical  History.  September  14,  1898.  a  German,  aged  37  years,  was 
admitted  to  the  service  of  Dr.  Osier,  complaining  of  fever  which  had  per- 
sisted since  early  in  July.  The  history  of  the  patient's  family  and  his 
occupation  were  of  no  importance.  In  1889  the  patient  was  confined  to 
bed  three  weeks  with  "  rheumatic  fever,"  though  no  joint  symptoms 
were  recalled.  Otherwise  the  history  was  that  of  a  healthy  man  of  good 
habits. 

July  4,  a  severe  cold  was  contracted,  fever  appearing  on  the  6th  and 
persisting  until  early  in  August  when  it  subsided  but  reappeared  about 
the  middle  of  the  same  month,  and  for  this  relapse  in  supposed  typhoid 
fever  the  patient  was  sent  to  the  hospital.  Severe  frontal  headache, 
stiffness  and  pain  in  the  right  shoulder  joint,  epistaxis,  loss  of  strength, 
anaemia,  and  loss  of  26  pounds  in  weight  were  noted  during  July  and 
August. 

Examination  on  admission  showed  a  well-built,  emaciated  man,  with 
a  moderate  grade  of  anemia,  and  a  temperature  of  103°  F.  There  was 
decrease  in  the  area  of  cardiac  dulness,  and  a  pure  diastolic  murmur 
was  detected  over  the  body  and  base  of  the  heart,  suggesting  disease  of 
tha  aortic  valves.  The  pulse  also  indicated  incompetency  of  these  valves. 
Over  the  abdomen  were  scattered  a  few  erythematous  spots  thought  at 
the  time  to  be  the  rose  spots  of  typhoid  fever.  The  spleen  was  large, 
readily  palpable  and  rather  firm.  The  right  shoulder  joint  wliich  in 
July  had  been  painful  and  stiff  was  now  apparently  normal.  The  urine 
showed  a  well-marked  Ehrlich's  diazo-reaction  and  a  faint  trace  of 
albumin.  During  the  first  ten  days  in  the  hospital,  ansemda,  emaciation, 
fever,  enlarged  spleen  and  the  cardiac  condition  of  aortic  incompetency 

*  A  preliminarj'  communication  appeared  in  the  Bulletin  of  the  Johns 
Hopkins  Hospital,  1899,  x,  p.  46. 
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were  the  most  striking  symptoms.  At  times  stiffness  and  pain  about 
the  riglit  shoulder  joint  were  complained  of,  but  there  Avere  at  no  time 
signs  of  inflammation  about  the  joint. 

The  high  temperature  of  103-104°  F.  and  a  leucocytosis  of  18,000 
persisted.     A  suggestive  Widal  reaction  also  was  present. 

Though  in  a  satisfactory  condition  on  the  evening  of  September  23, 
the  next  morning  the  patient  appeared  much  more  seriously  ill.  De- 
lirium of  the  night  previous  had  given  way  to  stupor;  anaemia  was  of 
extreme  grade;  the  extremities  were  cold;  and  the  appearance  one  of 
collapse.  The  lungs  Avere  quite  clear  but  the  heart,  dilated  to  twice  its 
previous  size,  had  become  rapid  and  irregular  in  action,  and  the  physical 
signs  of  aortic  disease  were  no  longer  recognizable.  On  the  afternoon 
of  September  23,  the  maximum  cardiac  impulse  was  readily  located  in 
the  5th  left  interspace,  9  cm.  from  the  midsternal  line,  and  the  area  of 
relative  and  absolute  cardiac  dulness  was  less  than  normal;  on  the  morn- 
ing of  the  21th  the  maximum  cardiac  impulse  was  in  the  6th  left  inter- 
space 12.5  cm.  from  the  midsternal  line  and  the  area  of  relative  and 
absolute  cardiac  dulness  had  increased  to  twice  that  of  the  normal. 
During  the  night  of  September  24,  the  cardiac  condition  had  somewhat 
improved  and  endocardial  murmurs  and  a  palpable  thrill  appeared  at 
the  apex  suggesting  both  mitral  and  aortic  disease. 

At  this  time  agar  plate  cultures  from  the  blood  Avcre  prepared  on 
which  within  48  hours  grew  colonies  of  Avhat  appeared  to  be  a  short- 
chained  streptococcus,  which  subsequently  on  various  media  proved  to 
be  a  micrococcus  occurring  mostly  in  pairs. 

There  subsequently  occurred  repeated  attacks  of  collapse  from  cardiac 
failure  up  to  the  time  of  the  patient's  death  on  October  3,  1898. 

October  1,  three  days  before  death,  blood  cultures  were  again  prepared. 
On  these  cultures  there  grew  the  same  micrococcus  occurring  mostly  in 
pairs,  the  growths  on  various  media  corresponding  to  those  obtained 
from  the  cultures  prepared  September  24. 

Autopsy.  Performed  on  the  day  of  death,  the  body  having  been  kept 
on  ice  and  showing  no  evidences  of  post-mortem  change.  Description  will 
here  be  given  of  only  those  organs  which  Avere  the  seat  of  pathological 
change. 

Anatomical  diagnosis.  Subacute  and  acute  ulcerative  endocarditis  of 
aortic  and  mitral  A-alves;  acute  splenic  tumor;  septic  infarctions  in  spleen 
and  kidneys;  embolic  abscess  in  intestinal  Avail;  bronchopneumonia; 
chronic  diffuse  nephritis  of  moderate  degree. 

Body  emaciated,  184  cm.  long;  rigor  mortis  slight.  Abdominal  mus- 
cles of  a  deep  red  color;  no  excess  of  peritoneal  fluid;  peritoneal  surfaces 
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smooth  and  glistening;  a  few  old  pleuritic  adhesions;  pericardial  layers 
smooth. 

Heart  distended  with  liquid  blood;  weight  120  grammes.  Nothing 
abnormal  in  the  right  lieart.  On  the  left  side  the  mitral  valve  showed 
slight  old  thickening  and  in  the  middle  of  the  edge  of  the  aortic  seg- 
ment was  a  small,  dark-red,  fresh  vegetation;  many  of  the  chorda?  ten- 
dineae  had  been  ruptured,  the  ends  of  the  ruptured  cords  being  coated 
with  fibrinous  deposits;  others  were  markedly  thinned  in  the  median 
portion,  the  adjoining  parts  being  much  thickened  by  fresh  vegetations. 
The  aortic  valves  were  matted  together  by  the  exuberant  vegetations 
which  had  formed  upon  them;  a  prolongation  on  the  anterior  coronary 
segment  formed  a  flattened  plate,  which  was  apparently  in  part  at  least 
a  mass  of  organized  tissue,  perforated  by  a  hole  about  2  mm.  in  diam- 
eter; the  posterior  coronary  segment  was  surmounted  by  a  rough  mass  of 
vegetations;  the  mitral  segment  was  similarly  covered  with  vegetations 
through  which  a  ragged  perforation  was  evident.  From  a  point  on  the 
ventricular  wall  at  the  base  of  the  posterior  coronary  segment  to  the 
base  of  the  aortic  segment  of  the  mitral  valve  there  ran  a  cord,  like  a 
moderator  band,  thickened  in  its  median  portion  by  beaded  vegetations 
and  entangled  in  the  clots  formed  about  the  aortic  vegetations.  There 
Avere  fresh  vegetations  also  on  the  ventricular  wall  and  on  the  wall  of 
the  aorta  just  above  the  valves. 

Spleen,  bound  np  in  adhesions  with  the  diaphragm  and  parietal 
abdominal  wall,  was  much  enlarged  and  very  soft  so  that  on  attempting 
to  remove  it  the  capsule  was  ruptured  in  several  places.  Weight  470 
grammes.  The  surface  was  peculiarly  discolored  over  irregular  areas 
which  occupied  a  large  portion  of  the  capsule.  Beneath  some  of  these 
the  substance  was  firmer  than  normal  and  on  section  elevated  above  the 
surrounding  tissue,  such  areas  corresponding  to  firm  yellowish-white 
masses  extending  into  the  splenic  pulp  and  sharply  marked  off  by  hem- 
orrhagic zones.  All  degrees  of  softening  of  such  masses  were  present 
and  the  larger  discolored  portions  of  the  capsule  proved  to  form  merely 
thin  walls  covering  irregular  cavities  in  the  spleen  filled  with  purplish- 
brown  grumous  fluid.  These  cavities  also  were  delimited  from  the  sur- 
rounding tissue  by  mottled  zones  of  red  and  white.  The  relatively 
normal  splenic  pulp  between  the  areas  of  infarction  was  much  swollen 
and  the  Malpighian  bodies  and  trabecule  could  be  made  out  only  with 
great  difficulty. 

Kidneys  also  presented  superflcially  areas  of  purplish  and  grayish  dis- 
coloration, of  varying  form  and  size,  sharply  demarcated  from  the  sur- 
rounding cortex  by  lines   of  consfestion  and  haemorrhage.     On  section 
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these  areas  were  seen  to  correspond  with  somewhat  wedge-shaped  masses 
varying  in  consistence  and  color.  The  smallest  and  evidently  the  fresh- 
est of  these  were  firmer  than  normal,  yellowish-white  and  elevated  above 
the  surface  of  the  adjacent  tissue;  the  larger  and  older  masses  were  much 
softened  and  of  a  grayish-purple  color  throughout.  In  addition,  the 
kidneys  presented  evidences  of  moderate  chronic  diffuse  nephritis. 

In  the  lower  third  of  the  ileum  one  of  the  lymphatic  nodules  in  the 
mucosa  appeared  much  swollen  and  reddened  with  a  zone  of  haemorrhage 
round  about  it.  This  nodule  was  quite  firm  and  elevated  several  milli- 
metres above  the  surface  of  the  mucosa. 

The  left  lung  showed  small  bronchopneumonic  patches  throughout 
the  lower  lobe. 

Microscopic  examination.  Sections  of  the  diseased  organs  showed 
both  acute  and  subacute  morbid  processes.  Sections  of  the  cardiac  valves 
and  vegetations  showed  a  considerable  curling  and  twisting  of  the  valve 
proper.  Thrombus  masses  surmounted  the  valves  and  formed  the  sup- 
port for  a  fairly  advanced  growth  of  granulation  tissue.  The  more  super- 
ficial portions  of  the  vegetations,  however,  consisted  of  platelets,  fibrin 
and  leucocytes,  together  with  myriads  of  micrococci  which,  stained  by 
Weigert's  or  Gram's  method,  formed  dense  bluish-black  masses  through- 
out the  thrombus.  Smear  preparations  from  the  vegetations  showed 
the  micrococci  apparently  unmixed  with  any  other  organisms  and 
occurring  often  within  leucocytes. 

Sections  through  the  discolored  and  softened  areas  in  the  kidney 
showed  the  typical  picture  of  septic  infarction  with  complete  necrosis 
of  the  epithelium  and  the  invasion  of  many  polymorphonuclear  leuco- 
cytes. The  blood-vessels  near  the  apex  of  the  wedge  were  in  many  in- 
stances plugged  with  masses  of  micrococci.  The  firmer  whitish  masses 
both  in  the  kidney  and  spleen  were  simple  anajmic  infarctions. 

The  small  nodule  in  the  ileum  showed  on  section  a  mass  of  lymphatic 
tissue  in  the  centre  of  which  a  small  artery  was  completely  occluded  by 
a  dense  hyaline  thrombus;  about  the  vessel  was  an  accumulation  of 
polymorphonuclear  leucocytes  and  nuclear  fragments,  together  with  a 
considerable  exudation  of  fibrin;  the  neighboring  vessels  were  also  con- 
gested. 

CvUures:  Agar  cultures  in  Petri  dishes  were  made  from  the  heart's 
blood,  valvular  vegetations,  gall-bladder,  splenic  and  renal  infarctions, 
and  other  parts,  and  in  all  of  these  there  appeared  numerous,  minute, 
pin-point,  somewhat  opaque,  white  colonies  in  the  depths  of  the  medium, 
and  corresponding  superficial  colonies.  The  latter  were  also  small, 
rarely  exceeding  the  size  of  a  pin's  head.     They  were  round  in  outline. 
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smooth,  lilislcniiiu'.  Iiaiisparriit,  almost  coloiless  or,  on  niicroscojiiral 
examination,  porliaiis  sli^liily  lu'ownish,  ami  slightly  elevated  above  the 
surface  of  the  mediiim.  No  other  kind  of  colonies  appcaicfl  on  the 
Petri  plates. 

From  the  dee]i  and  sn|H'rli(ial  rdliinics  dlilaincd  IVtmi  ihe  diflferent 
oruans  a  sini;le  s])ecies  of  niicrooi'ganisni  was  isdlalrd  and  sMidicd  in  all 
of  its  essential  characters. 

DESCRIPTION    OF    THE    ^MICROORG^yjJISM. 

Morphology.  Coverslips  prepared  from  the  original  colonies  and 
from  the  secondary  tiibe-ciiltures  showed  a  micrococcus  in  every  way 
identical  morphologically  with  that  found  in  smears  from  the  cardiac 
valves  and  with  that  isolated  from  the  blood  during  life. 

The  organism  is  an  extremely  minute  micrococcus,  often  somewhat 
elongated  or  elliptical  in  outline.  It  is  much  smaller  than  the  Micro- 
coccus lanceolatus.  It  occurs  often  singly,  often  in  masses,  but 
by  far  most  frequently  in  pairs,  two  or  more  pairs  being  sometimes 
united  into  short  chains,  and  indeed  in  cultures  made  in  a  hanging 
drop  of  bouillon  chains  of  twenty  or  more  members  may  occasionally 
occur,  although  in  such  a  drop  the  usual  grouping  is  in  pairs.  In  the 
pairs  or  short  chains  the  longer  axis  of  the  coccus  is  often  transvei*se 
to  that  of  the  chain. 

No  motility  is  to  be  observed  in  the  hanging  drop  other  than  the 
oscillatory  motion  common  to  all  fine  particles  in  suspension. 

The  organism  stains  well  with  the  ordinary  aniline  dyes  and  by 
Gram's  method  remains  deeply  stained.  No  evidence  of  the  presence 
of  a  capsule  has  been  obtained  either  in  cultures  or  in  the  tissues. 

Cultural  characteristics:  Agar.  Smears  made  in  slanted  agar 
tubes  give  a  rather  profuse,  thin,  slightly  elevated  growth  along  the 
line  of  the  smear.  The  growth  is  somewhat  moist  and  glistening, 
almost  colorless;  by  reflected  light,  pale  grayish-white;  by  trans- 
mitted liglit,  transparent  and  of  a  somewhat  smoky  or  brownish  tint, 
old  cultures  showing  this  smoky  discoloration  more  distinctly.  The 
growth  is  not  always,  however,  a  diffuse  flat  expanse,  but  is  often  made 
up  of  a  conglomeration  of  minute  dew-drop-like  colonies.  The  mar- 
gins are  somewhat  crenatcd  by  the  presence  of  larger,  and  sometimes 
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discrete,  glistening  colonies,  slightly  more  elevated  than  those  nearer 
the  centre.  Superficial,  discrete  colonies  on  agar  may  somewhat  ex- 
ceed one  millimetre  in  diameter. 

Glycerine  agar.  Cultures  on  glycerine  agar  grow  more  profusely 
hut  in  other  respects  are  identical  with  those  on  plain  agar. 

Ascitic-fluid  agar.  On  ascitic-fluid  agar  the  growth  is  distinctly 
more  profuse  and  opaque  than  upon  plain  nutrient  agar. 

Glucose  agar.  The  growth  along  the  stab  in  glucose  agar  is  mod- 
erately profuse  but  neither  in  stab  cultures  nor  in  cultures  made  in 
liquefied  glucose  agar,  which  is  then  allowed  to  solidify,  is  there  any 
production  of  gas. 

Bouillon.  Broth  becomes  slightly  clouded  after  twenty-four  hours' 
growth,  but  in  the  course  of  three  or  four  days  the  organisms  settle 
to  the  bottom  and  form  a  whitish  sediment  leaving  the  overlying  fluid 
clear.     iSTo  indol  is  produced. 

Sugar  houillon.  In  glucose  and  in  lactose  litmus  bouillon  (Smith's) 
in  Smith's  fermentation  tubes  acid  is  produced  without  gas,  the 
medium  becoming  turbid  in  both  anns  and  decolorized  in  the  closed 
arm. 

Potato.  On  potato,  minute  colonies  appear  and  in  about  36  hours 
become  elevated,  moist,  of  a  somewhat  dirty  white  color  and  pasty 
consistence,  and  after  72  hours  confluent.  Later  the  growth  becomes 
rather  dry  and  brownish.  Occasionally  there  is  no  visible  growth  on 
potato. 

Gelatine.  In  stab  cultures  in  gelatine  a  somewhat  opaque,  granular 
growth  extends  along  the  line  of  stab  and  after  about  36  hours  a  slight 
cupping  appears  at  the  surface  and  extends  slowly  downward,  pro- 
ducing a  tubular  area  of  liquefaction  which  gradually  involves  the 
whole  medium.  Liquefaction  is  slower  than  in  the  case  of  Staphylo- 
coccus pyogenes  aureus. 

In  gelatine  plates  the  organism  forms  small  pale  granular  colonies, 
yellowish  by  transmitted  light,  which  float  in  small  areas  of  liquefied 
gelatine. 

Blood  serum.  On  coagulated  blood  serum  the  growth  is  profuse 
and  similar  to  that  on  agar,  although  perhaps  somewhat  less  trans- 
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parent;  aloiiii'  tlic  line  dl'  siiicar  tlic  iiKMliiiiii  liccd'ucs  soiiiculiat  Iraiis- 
luceiir  and  is  (Icprtssctl.  fnniiinu-  a  dctinitc  orodvc  l)cln\v  the  sur- 
roiuiding'  surface.  This  cliaiigo  is  similar  to  that  ohservod  in  eiilti- 
vations  of  Bacillus  subtilis  ou  l)lood  serum.  This  ])artial  li(|Uofacti()n 
is  accompanied,  as  a  rule,  with  the  ])niduction  of  a  clear  fluid  and  the 
breaking  down  of  the  solid  niediuni. 

Milk.  The  most  characteristic  cultural  features  of  this  organism 
appear  iu  milk.  In  litmus  milk  of  neutral  reaction  the  immediate 
result  of  the  growth  is  decolorization  of  the  litmus  within  a  period  of 
four  houi-s,  a  thin  blue  layer  remaining  at  the  surface.  This  decolori- 
zation is  evidently  due  to  deoxidation  as  the  color  returns  to  a  certain 
extent  on  shaking  the  fluid  with  air,  the  returning  color  being,  how- 
ever, distinctly  nearer  to  red  than  the  original.  "Within  twenty-four 
hours  the  milk  becomes  quite  firmly  coagulated,  with  the  bluish  or 
reddish  layer  still  at  the  surface  and  the  absence  of  color  below.  Xext 
in  time  the  upper  layers  of  the  coagulum  become  translucent  and  are 
gradually  changed  into  a  somewhat  turbid  fluid  which  is  definitely 
red  in  the  more  superficial  part  and  yellowish  below.  This  softening 
and  liquefaction  of  the  coagulum  progresses  day  by  day,  the  layer 
of  red  fluid  increasing  in  depth  and  the  coagulum  being  transformed 
into  a  flocculent  granular  material  floating  in  a  yellowish  lic[uid; 
finally,  after  several  days,  the  whole  coagulum  is  transformed  and  the 
red  color  extending  into  the  depths  stains  the  precipitate  throughout; 
settling  of  this  precipitate  to  the  bottom  of  the  tube  at  last  leaves  a 
clear  straw-colored  supernatant  fluid  overlying  a  dark  red  sediment. 

These  changes  produced  in  litmus  milk  are  absolutely  constant  and 
serve  to  distinguish  this  micrococcus  sharply  from  related  members  of 
the  pyogenic  gTOup  of  cocci. 

Production  of  enzymes.  Attempts  were  made  to  determine  the 
nature  of  some  of  the  metabolic  products  of  the  micrococcus. 

Grown  in  sugar-free  bouillon  the  reaction  of  the  culture  is  alkaline, 
whereas  in  ordinary  sugar-containing  and  lactose-containing  bouillon  it 
is  acid.  The  acid  reaction  of  milk  cultures  is,  therefore,  doubtless  due 
to  the  production  of  acid  by  the  decomposition  of  the  milk  sugar. 

Experiments  were  made  to  determine  whether  in  addition  to  the 

36 
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formation  of  acid  a  milk-curdling  ferment  (Labferment,  rennin, 
pexin)  ^vas  produced  in  sufficient  quantity  to  coagulate  milk.  Milk 
cultures,  which  had  reached  the  stage  of  coagulation,  were  passed 
through  a  Pasteur  filter  to  remove  the  bacteria  and  the  resulting  clear 
filtrate  was  added  in  small  quantity  to  sterilized  litmus  milk.  N^o 
appreciable  change  in  the  reaction  of  the  milk  followed  this  addition, 
but  within  36  hours  there  was  produced  a  coagulum  quite  as  firm 
as  that  caused  by  the  action  of  the  living  micrococci  themselves.  Xo 
decolorization  nor  acidification  of  the  medium  occurred.  In  the 
course  of  time  the  coagulum  retracted  somewhat,  leaving  a  clear  fluid 
overlying  it.  This  experiment  establishes  the  existence  of  a  rennin-like 
ferment  among  the  products  of  the  micrococcus.  The  solution  of  the 
coagulated  casein,  as  well  as  the  liquefaction  of  gelatin  and  blood 
serum,  indicate  the  formation  of  a  proteolytic  ferment  related  more 
or  less  closely  to  enzymes  concerned  in  the  digestion  of  proteids.  The 
sterile  filtrate,  obtained  by  passing  through  a  Pasteur  filter  milk  cul- 
tures in  which  the  liquefaction  of  the  coagulum  is  in  progress,  was 
added  to  sterile  milk  and  to  nutrient  gelatine  for  the  purpose  of  ob- 
serving the  production  of  these  changes  without  the  presence  of  the 
organisms  themselves.  In  these  experiments  the  cuidling  of  the  milk 
proceeded  as  described  above  without  much  change  in  the  reaction. 
On  standing  in  the  thermostat,  this  coagulum  has  of  course  a  ten- 
dency to  contract,  but  a  further  diminution  in  its  size  by  the  softening 
and  liquefaction  of  its  superficial  layers  is  quite  evident.  The  lique- 
faction is,  however,  not  so  complete  as  when  the  living  organisms  are 
present. 

When  a  few  drops  of  the  filtrate  are  dropped  upon  the  surface  of 
sterile  nutrient  gelatine,  this  medium  becomes  slowly  liquefied  with 
the  production  of  a  clear  fluid.  Control  inoculations  in  bouillon,  milk 
and  agar  from  these  tubes  of  coagulated  and  peptonized  milk  and  of 
liquefied  gelatine,  gave  uniformly  negative  results,  and  coverslips  from 
-them  showed  no  organisms. 

The  conclusion,  therefore,  is  justified  that  this  micrococcus  pro- 
duces both  milk-curdling  and  proteolytic  enzymes,  separable  from  the 
bacterial  cells  and  capable,  when  thus  isolated,  of  producing  their 
characteristic  eflects  in  milk  and  in  gelatine. 
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Jiclation  fo  oxi/rjoi.  Tlio  niiorocoocus  is  a  facultative  aiiai'Tolx',  tlio 
pultures  crown  in  Biidnicr  jars  presenting  quite  as  luxuriant  a  growth 
as  those  kept  in  the  open  air.  Tirown  in  hydrdgcn  in  a  Xovy  jar, 
however,  the  colonies  are  rather  more  scanty  and  thinner. 

Vitality.  The  organism  is  very  hardy  and  tenacious  of  life.  Agar 
cultures  which  stood  in  the  laboratory  from  October  until  Feb- 
ruary and  which  were  very  much  dried  out  furnished  a  profuse  growth 
on  a  fresh  agar  tube.  In  this  respect  it  obviously  stands  in  marked 
contrast  to  ]\licrococcus  lanceolatus  which  can  be  kept  alive  only  with 
much  difficulty. 

Moderate  variations  in  temperature  seem  to  have  no  deleterious  in- 
fluence on  the  micrococcus.  Indeed,  it  can  w'ithstand  a  temperature 
higher  than  that  which  is  fatal  to  many  micrococci.  In  order  to  fix 
the  thermal  death-point,  portions  of  a  bouillon  suspension  of  the  organ- 
ism were  sealed  in  Sternberg  bulbs  and  heated  for  a  period  of  five 
minutes  each,  to  different  temperatures.  After  exposure  for  five 
minutes  to  a  temperature  of  65°  C,  no  organisms  grew  when  the 
bouillon  was  transferred  to  the  surface  of  an  agar  slant.  After  heat- 
ing to  62°,  only  one  or  two  colonies  developed,  but  exposure  to  a  tem- 
perature of  60°  for  five  minutes  produced  hardly  any  retarding  effect 
upon  the  growth  of  the  organisms. 

To  antiseptics,  such  as  carbolic  acid  and  chloroform  -water,  the 
micrococcus  is  considerably  resistant,  a  relatively  large  precentage  of 
antiseptic  being  required  to  kill  all  of  the  organisms  in  bouillon  cul- 
tures. 

Pathogenesis.  The  ordinary  laboratory  animals  were  inoculated 
in  various  ways  with  cultures  and  suspensions  of  the  organism. 

WJiite  mice.  These  animals,  inoculated  intraperitoneally  with 
various  quantities  of  thin  suspensions  of  the  organisms  in  bouillon, 
died  in  the  majority  of  the  experiments  after  periods  varying  from 
seven  hours  to  three  or  four  days,  with  evidences  of  general  infection. 
Autopsy  showed  always  a  much  swollen  spleen  and  sometimes  red- 
dened lymph  glands.  The  micrococci  were  recovered  in  pure  culture 
from  the  heart,  spleen,  liver,  and  kidney.  The  dose  given  varied  from 
0.3  to  0.7  cc.  of  the  suspension. 
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AVliite  mice  were  iiioenlated  "svitli  a  loopfiil  of  the  solid  culture  also 
subcutaneously,  but  although  thev  died  after  several  days,  the  organ- 
ism was  not  recovered  from  the  organs.  Inoculated  subcutaneousl.y 
with  relatiA'ely  large  quantities  of  the  bouillon  suspension  (0.8  to  1.8 
cc.)  they  died  within  four  to  ten  days,  the  organs  sho^^^ng  the  same 
changes  as  after  intraperitoneal  inoculation  and  yielding  the  cocci 
again  in  ]iure  culture.  Xo  macroscopic  lesion  of  the  muscles  near  the 
seat  of  subcutaneous  inoculatiou  was  visible. 

Wdd  mice  proved  to  be  distinctly  less  susceptible  than  the  white, 
although  occasionally  they  succumbed  to  intraperitoneal  inoculation 
with  general  septicemia. 

Guinea-pigs,  ivhite  rats  and  pigeons  showed  very  little  susceptibility 
to  inoculation. 

Rabbits.  A  number  of  rabbits  were  inoculated,  for  the  most  part 
intravenously,  but  also  intrapleurally  and  intraperitoneally.  The 
latter  modes  of  inoculation  were  followed  by  recovery  of  the  animal. 
Indeed,  rabbits  appear,  in  general,  rather  resistant  to  this  organism, 
since  of  eight  rabbits  inoculated  only  one  developed  a  general  septi- 
caemia. Two  of  the  rabbits  showed  at  the  site  of  inoculation  at  the 
time  of  death,  abscesses  which  contained  the  micrococcus,  and  from 
one  of  them,  as  well  as  from  the  animal  which  died  Avitli  a  general 
infection,  the  organism  was  recovered  from  the  contents  of  the  dis- 
tended urinary  bladder. 

One  of  the  rabbits  received  2.5  cc.  of  a  thick  bouillon  suspension, 
containing  particles  of  sterilized  potato,  into  the  ear  vein.  This  rab- 
bit became  very  ill  and  died  after  five  and  a  half  days,  the  micro- 
coccus being  recovered  in  pure  culture  from  the  blood  and  all  the 
organs.  The  condition  of  the  heart  was  most  interesting.  The  mitral 
valve  showed  the  presence  of  two  quite  firm  vegetations,  one  on  each 
leaflet,  that  on  the  aortic  leaflet  being  the  larger  and  measuring  about 
2  mm.  in  diameter.  The  thrombus  mass  was  situated  very  near  the 
edge  of  the  valve  and  there  was  a  propagated  dark  red  clot  running 
upward  toward  the  base  of  the  valve  on  the  auricular  surface.  The 
smaller  vegetation  on  the  opposite  leaflet  of  the  mitral  valve  was 
situated  somewhat  nearer  the   base  of  the  valve,    and   also  on   the 
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auricMilar  surface.  Tlie  papillary  ninsclos  appeared  opaque  and  yel- 
lowish. The  otliei-  \alves,  as  avcH  as  the  musculature,  were  appar- 
ently n<iruial.  Smears  frcun  the  mitral  veiiX'tations  showed  the  pres- 
ence of  the  micrococci,  un.mixed  with  other  (ireanisins,  and  cultures 
from  these  vegetations  gave  a  pure  growth  of  the  micrococcus. 

Thus  of  seven  rabbits  inoculated  three  showed  no  ill  effects,  two 
died  after  several  days  with  no  apparent  lesions  at  autopsy  and  no 
evidence  of  general  infection  (from  these  the  organism  was  not 
recovered),  one  died  of  an  intercurrent  affection  with  a  small  abscess 
containing  the  miei'ococcus  at  the  point  of  inoculation,  one  died  with  a 
large  abscess  at  site  of  inoculation,  the  organism  being  recovered  from 
the  abscess  and  the  distended  uvinavy  bladder,  and  finally  one  rabl)it 
died  with  a  general  septicipmia,  together  with  an  acufe  vegelafive 
mitral  endocai-difis,  from  which  the  organism  was  recovered  in  i)ure 
culture. 

Dogs.  Two  dogs  were  also  inoculated.  One  of  these  showed  no 
ill  effects,  although  10  cc.  of  a  thick  suspension,  containing  particles 
of  potato,  were  injected  into  the  jugular  vein;  after  sixteen  days  this 
animal  was  killed  but  at  the  autopsy  the  organs  appeared  quite  normal 
and  cultures  from  all  parts  were  sterile. 

In  the  case  of  the  second,  dog,  Eoseubach's  procedure  was  adopted. 
The  left  carotid  artery  was  opened  under  aseptic  precautions,  the  aortic 
valves  were  torn  through  and  lacerated  by  means  of  a  long  probe 
passed  down  the  carotid,  and  the  artery  was  then  ligated  on  both  sides 
of  the  opening.  Two  cubic  centimetres  of  a  thick  suspension  of  the 
micrococcus  in  bouillon  were  then  injected  into  the  left  jugular  vein 
which  was  then  ligated  and  the  wound  of  the  skin  was  closed  with 
sutures.  The  dog  appeared  rather  ill  for  a  few  days,  but  evidently 
improved  slightly  after  the  fourth  day.  Immediately  after  the  opera- 
tion there  was  detected  a  loud  and  distinctly  diastolic  murmur  which 
persisted  until  the  seventh  day  when  the  dog  was  killed  with  chloro- 
form and  an  autopsy  performed. 

The  spleen  was  found  enlarged,  congested  and  partly  covered  with 
a  fibrino-purulent  exudate.  The  other  organs  were  macroscopically 
apparently  normal  with  the  exception  of  the  heart.      The  right  side  of 
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the  heart  was  normal.  The  aortic  valves  were  the  seat  of  an  acute 
and  suhacute  endocairlitis.  The  probe  had  passed  into  the  sinuses  of 
Valsalva  and  had  penetrated  into  the  muscular  tissue  of  the  septum 
ventriculorum,  running  down  1.5  cm.  just  to,  but  not  piercing,  the 
endocardium  over  the  septum.  On  section  the  muscle  about  this  area 
was  grayish  and  translucent  in  appearance  with  grayish  opaque  dots 
scattered  over  the  translucent  area.  A  second  injury  had  occurred 
in  the  sinus  behind  the  mitral  segment  of  the  aortic  valve,  the  probe 
perforating  the  base  of  the  valvular  segment  and  passing  into  the 
ventricular  cavity  near  the  base  of  the  mitral  valve.  About  this  open- 
ing there  were  on  both  surfaces  of  the  valve  granular  translucent 
vegetations  which  extended  upon  the  mitral  valve  and  also  upon  the 
intima  of  the  aorta  just  above  the  aortic  valves.  Coverslips  from  the 
vegetations  and  necrotic  muscle  showed  numerous  micrococci  in  pairs, 
many  of  them  within  leucocytes.  Cultures  from  the  same  locations 
gave  a  pure  growth  of  the  micrococcus,  as  did  cultures  from  the 
blood,  liver,  spleen,  and  kidney. 

Toxine.  Attempts  were  made  to  obtain  a  toxine  from  cultures  of 
this  organism,  but  so  far  with  little  success.  A  priori,  it  would  not 
be  expected  that  an  organism  so  closely  resembling  in  its  general 
properties  the  pyogenic  group  of  cocci  would  produce  a  toxine  of  high 
virulence.  The  wide  dissemination  of  the  cocci  observed  in  the  cases 
of  general  infection  would  also  point  to  the  same  inference,  and  this 
suggestion  is  supported  by  the  few  experiments  thus  far  made  relating 
to  this  point. 

A  culture,  made  in  a  large  quantity  of  sugar-free  bouillon  and 
allowed  to  grow  in  a  Roux  flask  for  three  weeks,  was  killed  with 
chloroform.  Ten  cubic  centimetres  of  this  killed  culture,  after  evapo- 
ration of  the  chloroform,  were  injected  into  the  ear  vein  of  a  rabbit,  a 
control  rabbit  receiving  a  similar  injection  of  the  same  quantity  of 
sterile  sugar-free  bouillon.  ISTeither  rabbit  showed  elevation  of  tem- 
perature or  any  other  ill  effect  following  the  injection. 

SUMMARY. 

From  a  case  of  acute  endocarditis  of  the  aortic  and  mitral  valves 
with  infarctions  in  the  spleen  and  kidneys  a  micrococcus  was  twice 
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isolated  in  pure  culture  from  the  Llood  during  life  and  was  demon- 
strated after  death  both  microscopically  and  in  pure  culture  in  large 
numbers  in  the  valvular  vegetations,  the  infarctions  and  other  parts. 
No  other  species  of  microorganism  was  found. 

This  micrococcus  is  very  small,  occurs  mainly  in  pairs,  sometimes  in 
short  chains,  stains  hj  Gram's  method,  grows  in  small,  pale,  grayish- 
white  colonies  on  gelatine  ai\d  agar,  at  first  clouds  bouillon,  which 
Then  becomes  clear  with  a  whitish  sediment,  does  not  produce  gas  in 
glucose  media,  liquefies  gelatine  slowly  and  to  some  extent  also  blood 
serum,  and  is  especially  characterized  by  its  behavior  in  milk,  which 
it  acidifies,  coagulates  and  subsequently  liquefies.  It  produces  a  milk- 
curdling  ferment  and  also  a  proteolytic  ferment,  each  of  which  is 
separable  from  the  bacterial  cells.  It  remains  viable  for  months  in 
old  cultures  and  is  tolerably  resistant  to  the  action  of  heat  and  anti- 
septics. 

The  micrococcus  is  pathogenic  for  mice  and  rabbits,  causing  either 
abscesses  or  general  infections.  Typical  acute  vegetative  endocar- 
ditis was  experimentally  produced  by  intravenous  inoculation  of  the 
organism  in  a  rabbit  and  a  dog,  and  the  cocci  were  demonstrated  in 
pure  culture  in  the  vegetations  and  other  parts  of  these  animals  after 
death. 

Although  the  micrococcus  here  described  has  some  points  of  resem- 
blance to  the  pueumococcus  and  Streptococcus  pyogenes  on  the 
one  hand  and  to  the  pyogenic  staphylococci  on  the  other,  it  is  readily 
distinguished  from  each  of  these  species  by  cultural  features  which 
have  been  described  and  which  are  so  obvious  that  the  differentiation 
of  these  species  from  our  micrococcus  need  not  be  discussed  in  detail. 
We  have  searched  through  the  records  concerning  microorganisms 
described  in  association  with  endocarditis  and  other  diseases,  as  well 
as  those  isolated  from  water,  soil  and  other  sources,  and  have  been 
unable  to  find  a  description  of  a  micrococcus  identical  in  all  particulars 
with  that  here  described.  Such  points  as  staining  by  Gram,  liquefaction 
of  gelatine,  coagulation  and  peptonization  of  milk,  served  singly  or  in 
combination  to  distinguish  our  micrococcus  from  other  forms  which 
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in  some  respects  might  resemble  it.*  We  feel  justified,  therefore,  in 
recognizing  this  organism  as  a  new  species  and  from  its  fermentative 
properties  propose  for  it  the  name  "  Micrococcus  zymogenes." 

Micrococcus  zymogenes  must  be  added  to  the  already  considerable 
list  of  bacteria  which  have  been  found  as  the  specific  infective  agents 
in  endocarditis.  That  it  was  the  cause  of  this  affection  in  our  case 
was  conclusively  demonstrated  by  its  repeated  isolation  in  pure  culture 
from  the  blood  during  life,  by  its  presence  in  pure  culture  and  large 
numbers  after  death  in  the  cardiac  vegetations,  the  infarctions,  and 
other  parts  of  the  body,  and  by  the  experimental  proof  of  its  patho- 
genic properties,  and  notably  its  capacity  to  produce  vegetative  endo- 
carditis by  intravenous  inoculation  in  animals. 

^  Dr.  Xorman  iMacL.  Harris  in  this  laboratory  isolated  iu  ^lay,  1898,  from 
material  removed  from  an  old  cesspool  in  Baltimore,  which  had  not  been 
evacuated  for  twenty-two  years,  a  micrococcus  which  in  morphological  and 
cultural  characters  is  so  similar  to  Micrococcus  zymog-enes  that  we  at 
present  believe  the  two  organisms  to  be  identical.  The  cesspool  coccus  at 
present  liquefies  gelatine  and  i^eptonizes  milk  somewhat  more  slowly  than 
our  coccus,  but  otherwise  its  cultural  characters  are  indistinguishable  from 
those  of  the  latter,  and  morphologically  the  orgajiisms  are  identical.  Its 
Ijathogenic  properties  have  not  yet  been  tested. 
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Plates  XXIII  and  XXIV. 

The  opinion  is  now  widely  accepted,  that  the  nei'\'e  cells  throughout 
the  central  nervou.s  svstem  are  independent  structures.  The  cell  pro- 
cesses, it  is  thought,  invariably  run  out  to  end  free,  and  one  nerve 
cell  has  no  further  connection  with  any  other  than  that  of  mere  con- 
tact. This,  in  brief,  constitutes  the  neurone  theory  which  is  so  vigor- 
ously maintained  by  von  Lenhossek,  Golgi,  Ramon  y  Cajal  and  others. 

The  claim  for  the  independence  of  the  nerve  cells  is  based  almost 
entirely  upon  the  use  of  Golgi's  silver  impregnation  method,  and  the 
embryological  researches  of  His.  The  investigations  of  the  latter 
may  indeed  show  that  all  the  dendrites  of  a  nerve  cell  develop 
from  the  neurocyte,  and  that  they  do  not  anastomose  with  each  other; 
but  when  in  mature  cells  such  anastomoses  are  demonstrated  anatomi- 
cally, the  observations  of  His  lose  some  of  their  significance.  But 
notwithstanding  the  fact  that  Golgi's  method  demonstrates  only  indi- 
vidual elements,  and  these  for  the  most  part  only  imperfectly;  and 
notwithstanding  the  fact  that  the  pictures  presented  are  so  crowded 
with  artefacts  as  to  cau.se  every  statement  concerning  the  histology  of 
the  cells  to  be  made  with  the  greatest  reserve,  still  as  a  result  of  its 
use,  the  old  observation  of  Gerlaeh  (1),  that  the  nerve  cells  anastomose 
with  each  other,  has  been  discarded,  and  the  more  modern  neurone 
theory  substituted. 

Held  (2)  does  not  believe  in  the  neurone  conception  and  maintains 
that  anastomoses  between  nerve  cells  are  demonstrable  by  Golgi's 
method.     My   own   observations    have   led   to    a   similar   conclusion. 

*  A  preliminary  communicatiou  was  read  before  the  Chicago  Pathological 
Society,  April  10,  1S99. 
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Even  after  obeying  von  Lenhossek's  instructions  to  choose  for  investi- 
gation only  single,  isolated  impregnated  cells,  anastomoses  have  been 
demonstrated,  whose  genuineness,  to  my  mind,  is  not  to  be  doubted. 
My  observations  are  based  upon  a  study  of  the  cerebral  cort6x,  basal 
ganglia,  and  motor  spinal  ganglion  cells  of  the  white  rat  and  of  the 
spinal  cord  of  man. 

In  the  cerebral  cortex,  the  pyramidal  cells  are  usually  connected  in 
a  sort  of  end-to-end  manner,  tlie  large  dendrite  of  one  cell  passing 
upward  and  into  the  body  of  another  cell  directly  above  (Plate  XXIH, 
Fig.  1)  or  above  and  to  one  side  of  it.  This  same  condition  has  been 
described  by  Euzicka,  who,  however,  working  with  toluidin  blue,  em- 
ployed a  totally  different  technique.  Thus  two  entirely  different 
methods  have  given  the  same  results.  A  few  times  I  have  found 
these  pyramidal  cells  to  be  connected  by  transversely  running  den- 
drites, which  join  together  cells  lying  in  about  the  same  plane  in  the 
cerebral  cortex  (Plate  XXIII,  Figs.  2  and  4).  In  the  basal  ganglia, 
the  cells  are  connected  in  various  ways,  the  usual  arrangement  con- 
sisting of  short  protoplasmic  bridges  which  connect  the  two  cell 
bodies  (Plate  XXIII,  Fig.  5),  The  spinal  ganglion  cells  furnish 
interesting  pictures  of  anastomosing  cells.  For  the  most  part  two 
cells  are  found  connected  by  a  common  dendrite;  but  three  are  not 
uncommon,  and  in  one  case  an  anastomosis  between  five  cells  was 
noted  (Plate  XXIII,  Fig.  3). 

Since,  however,  the  upholders  of  the  neurone  theory  will  in  no 
case  admit  an  anastomosis  which  is  demonstrated  by  Golgi's  method 
(condemning  such  in  every  case  as  only  apparent),  we  are  driven  to 
adopt  another  method  to  settle  this  dispute. 

Dogiel,  who  has  demonstrated  anastomoses  between  the  nerve  cells 
of  the  retina,  has  employed  Ehrlich's  method  of  the  intravenous 
injection  of  methylene-blue.  Bethe  (3)  has  used  molybdic-acid  tolui- 
din blue,  while  Euzicka  (4)  has  worked  with  plain  toluidin  blue;  both 
have  found  that  the  nerve  cells  not  only  come  into  contact  with  each 
other,  but  actually  anastomose. 

In  my  investigations  of  this  subject,  I  have  employed,  besides 
Golgi's  method,  the  following  modification  of  Nissl's  method: 
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(a)  The  tissue  is  hardened  in  a  10  to  20  per  cent  solution  of  formalin, 
cut  with  a  freezing  microtome,  or  dehydrated,  embedded  in  celloidin  or 
paraffin,  and  sectioned. 

(h)  The  sections,  which  should  not  be  too  thin,  are  stained  from  one  to 
twenty-four  hours  in  a  solution  of  Griibler's  soap  methylene-blue  which 
has  been  diluted  with  an  equal  amount  of  water. 

(c)  The  specimen  is  rinsed  in  water  and  dehydrated  and  differentiated 
in  aniline-oil  alcohol  (1-20). 

{d)  Cleared  in  oil  of  cajeput  and  mounted  in  Canada  balsam. 

I  consider  this  method  superior  to  Ehrlich's  intravenous  injection 
of  the  dye  for  this  purpose,  as  the  pictures  obtained  are  more  intensely 
stained.  Ruzicka's  method  is,  I  think,  improved  by  the  use  of 
formalin  instead  of  corrosive  sublimate,  as  formalin  acts  as  a  powerful 
mordant  for  the  dye,  and  this  permits  of  a  longer  period  of  differentia- 
tion in  alcohol,  making  the  resulting  pictures  stand  out  more  prom- 
inently. 

The  nerve  cells  in  specimens  colored  by  the  method  I  have  given 
are  overstained.  The  cell  processes  are  stained  for  long  distances 
from  the  cell  body,  as  are  also  the  branchings  and  subbranchings. 
furthermore,  all  neighboring  structures  are  stained,  so  that  the  true 
relation  of  these  to  the  neurones  can  now  be  studied  to  better  advan- 
tage. The  Xissl  bodies  are  plainly  visible  in  the  cells  and  dendrites, 
so  that  the  identity  of  these  structures  is  never  doubtful.  The  nucleus 
appears  usually  as  a  somewhat  lighter  blue  spot  in  the  centre  of  the 
cell  body. 

It  is  now  an  easy  matter  to  see  that  the  nerve  cells  are  not  separate 
individuals,  but  frequently  anastomose  with  each  other.  The  relation 
of  two  cells  is  not  always  one  of  mere  contact  only,  but  one  of  actual 
connection  between  the  protoplasm  of  one  cell  and  that  of  the  other. 

The  two  cell  bodies  are  in  these  cases  connected  with  each  other  bv 
a  common  dendrite  (Plate  XXIV,  Figs.  6,  7,  8),  which  is  in  every 
way  similar  to  that  ordinarily  observed.  The  process  arises  from  the 
one  cell  by  its  usual,  broad,  wedge-shaped  base,  and  its  connection 
with  the  other  cell  is  marked  by  a  similar  base.  The  Xissl  bodies 
can  be  traced  throughout  the  entire  length  of  the  dendron.  The 
connecting  dendrite  is  usually  a  short,  protoplasmic  bridge   (Plate 
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XXIY,  Fig-.  G),  but  quite  often  extends  to  a  greater  length  (Plate 
XXIV,  Figs.  7  and  8).  There  is  never  any  doubt  as  to  whether  the 
anastomosis  is  a  true  or  onlv  an  apparent  one.  The  dendrites  are  not 
opaque  as  in  Golgi's  method,  but  translucent,  so  that  in  every  case  it 
can  be  easily  seen  whether  the  protoplasmic  processes  really  connect 
with  each  other  or  only  touch  each  other.  Thus  far  I  have  found 
anastomoses  only  between  cells  of  the  same  group,  and  never  between 
cells  of  different  groups,  an  observation  which  is  in  harmony  with 
that  of  Ruzicka. 

TJnfortimately  the  methylene-blue  staining  does  not  lend  itself 
well  to  photomicrography,  so  that  I  have  been  forced  to  use  drawings 
to  illustrate  my  observations. 

Sala  (5),  working  with  Golgi's  method,  has  put  forth  the  claim  that 
the  dendrites  embed  themseh-es  in  the  blood-vessels.  His  position 
has  been  substantiated  by  Euzicka,  but  is  severely  criticised  by  von 
Lenhossek.  That  some  of  the  dendrites  do  actually  embed  themselves 
in  the  walls  of  the  capillaries,  is,  to  me,  an  established  fact.  The  tip 
of  the  cell  process,  before  it  connects  with  the  wall  of  the  capillary, 
widens  out  into  a  wedge-shaped  end  (Plate  XXIY,  Fig.  9),  The 
occurrence  of  this  condition  leads  me  to  believe  that  the  dendrites 
have,  besides  the  generally  accepted  nervous,  also  a  nutritive  function. 
As  the  result  of  this  study,  I  would  point  out  the  following: 
First.  The  neurone  theory,  in  so  far  as  it  claims  the  absolute  inde- 
pendence of  the  neurones  is  an  untenable  one,  as  anastomoses  between 
them  have  been  found. 

Second.  The  dendrites,  which  are  generally  believed  to  have  but 
nervous  function,  may  have  also  nutritive  function,  if  such  an  infer- 
ence is  permissible  from  the  existing  anatomical  relations,  which  show 
some  of  the  dendrites  embedding  themselves  in  the  walls  of  the 
capillaries. 

DESCRIPTION    OF    PLATES    XXIII    AND    XXIV. 

Plate  XXIII. 

Fig.  1.  Photograph  showing  anastomoses  between  the  pj'ramidal  cells  of 
the  cerebral  cortex  of  white  rat.     Method  of  Golgi. 

Fig.  2.  Anastomosis  between  the  nerve  cells  of  the  cerebral  cortex  of 
white  rat.     The  dendrite  seen  running  upward  and  to  the  right  from  the 
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vipjx'r  in'iirocvtc  is  llu'  coiit  iini;it  ion  of  tlif  dclicalc  ••ell  jiroccss  whicli  is 
seen  to  the  right  of  the  heavy  coininoii  deiulrite.     (Jolgi  nu'thod. 

Fig".  3.  Anastomoses  between  live 'motor  ganylion  ei'lls  of  liii'  dorsal 
spinal  cord  of  the  white  rat.     Goigi  nu-tiiod. 

Fig-.  A.  The  bodies  of  two  pyramidal  cells  of  the  cortex  connected  b^'  a 
common  dendrite.     Bi'ain  of  white  rat.     Golgi  method. 

Fig".  5.  Two  nerve  cells  of  basal  ganglia  connected  b\  coninioii  dciidiite. 
Golgi's  method. 

I'l.ATE  XXIV. 

Fig.  6.  Two  motor  spinal  ganglion  cells  connected  by  short  jjrotoplasmic 
process.     Methylene-blue  staining. 

Figs.  7  and  8.  Motor  spinal  ganglion  cells  from  cervical  region  of  human 
spinal  cord.     Methylene-blne  staining. 

Fig.  9.  A  dendrite  embedding  itself  in  the  wall  of  a  capillary.  Human 
spinal  cord,  anterior  horn  cell  of  cervical  region.     Methylene-blue  staining. 
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A  COXTEIBUTIOX  TO  THE  SUBJECTS  OF  CHRONIC 
INTERSTITIAL  NEPHRITIS  AND  ARTERITIS  IN  THE 
YOrNG,  AND  FAMILY  NEPHRITIS;  WITH  A  NOTE 
ON  CALCIFICATION  IN  THE  LIVER. 

By  X.  E.  BRILL,  A.  M.,  M.  D.,  Visiting  Physician,  and  E.  LIBMAN,  M.  D., 
Assistant  Pathologist. 

(Mount  8i7iai  Hospital,  New  York  Citij.) 
Plate  XXV. 

Chronic  nephritis  in  children  and  adolescents  is  a  condition  which  has 
been  nnich  overlooked.  Especially  is  this  true  of  the  chronic  interstitial 
type  (contracted  kidney).  Dickinson  was  of  the  opinion  that  the  latter 
condition  was  not  infrequent  in  children.  Heiibner  (1),  who  lias  lately 
written  a  monograph  upon  this  subject,  from  which  many  of  these  intro- 
ductory remarks  are  cited,  states  that  of  251  cases  of  chronic  nephritis 
which  he  observed  in  Leipsic,  214  occurred  in  adults  and  37  in  children. 
Later,  in  Berlin,  he  saw  28  cases  in  children,  mostly  after  scarlet  fever. 
Of  these  65  cases,  there  were  3  of  parenchymatous  nephritis,  4  of  con- 
tracted kidney  and  5  of  chronic  haemorrhagic  nephritis  (Wagner).  Of 
33  cases  of  chronic  interstitial  nephritis  observed  by  Bartels  (2),  one 
occurred  at  the  age  of  18,  one  at  19,  and  two  at  20.  Of  Dickinson's  (3) 
308  cases,  one  occurred  between  11  and  20  years,  and  24  between  21  and 
30  years. 

From  these  figures  it  is  seen  that  under  the  age  of  20.  chronic  inter- 
stitial nephritis  is  uncommon,  but  not  so  rare  as  the  omission  of  reference 
to  it  in  many  text-books  on  children's  diseases  would  indicate.  The 
condition  is  even  more  frequent  than  these  figures  would  lead  us  to 
infer,  as  many  of  the  cases  are  overlooked  and  treated  for  anemia  for 
a  long  time.  This  is  especially  true  of  the  srtbacute  cases  of  productive 
nephritis  described  by  Delafield  (4). 

Of  the  interstitial  cases,  which  alone  interest  us  here,  Heubner  states 
that  there  are  but  thirty  on  record  in  which  post-mortem  examinations 
were  made.  Besides  these,  there  are  numerous  other  instances  reported  in 
which  the  patients  were  not  observed  until  the  fatal  tft'mination,  or  where 
no  autopsy  was  performed.     To  these  cases,  Heubner  adds  four  from  his 
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own  experience;  three  in  males,  aged  respectively  14,  9  and  24,  and  one 
in  a  female  aged  11.  Of  these  four  cases,  however,  one  was  probably  of 
amyloid  disease.  In  none  of  these  cases  is  there  any  post-mortem  exam- 
ination recorded.  In  all  the  cases  which  Henbner  cites  the  disease  was 
very  insidious,  but  was  easily  discovered  upon  properly  examining  the 
patients.  As  a  rnle  the  disease  lasted  for  many  years.  It  can,  however, 
be  rapid  in  its  course,  as  in  Crooke's  (5)  case,  where,  at  the  autopsy  on  a 
boy  nine  years  old,  who  died  on  the  68th  day  after  the  onset  of  scarlet 
fever  with  diphtheria,  the  kidneys  were  found  to  be  distinctly  granular. 
Delaiield  (4)  has  drawn  especial  attention  to  these  rapid  cases  (acute 
productive  nephritis). 

According  to  Heubner,  there  are  seven  cases  in  the  literature  in 
which  there  is  no  history  of  a  previous  acute  attack,  so  that  they  can  be 
looked  upon  as  instances  of  primarily  contracted  kidneys.  These  are  the 
cases  of  Barlow  (6),  Bull  (7),  Filatoff  (8),  Morell-Lavalee  (9),  Oppen- 
heim  (10),  and  Forster  (two  cases)  (11).  The  case  reported  by  Morell- 
Lavalee  is  of  a  special  type,  as  the  condition  was  complicated  by  a 
cirrhotic  liver.  In  the  other  cases,  which  died  at  the  ages  of  5,  6,  10,  13, 
and  14  years  respectively,  it  is  noted  that  the  children  were  always  weak, 
of  capricious  appetite,  pale,  and  had  weak  resisting  powers. 

Accidentally,  or  at  the  occurrence  of  a  slight  oedema,  the  albumin  in 
the  urine  was  discovered.  It  is,  of  course,  possible,  as  Heubner  states, 
that  these  children  had  had  an  attack  of  acute  nephritis  in  earliest  infancy 
or  childhood,  so  that  the  question  of  the  occurrence  of  a  primarily  con- 
tracted kidney  in  children  must  remain  an  open  one.  Of  the  four  cases 
which  Heubner  has  seen,  one  is  probably  a  ease  of  amyloid  kidney  as 
stated  above,  and  two  are  probably  secondary  cases.  Only  one  is  pos- 
sibly a  primary  case.  This  is  that  of  a  boy  aged  9  years,  who  presented 
typical  symptoms  of  chronic  interstitial  nephritis,  but  of  whose  history 
only  a  part  is  known. 

It  may  be  of  interest  to  give  details  of  some  of  the  reported  cases: 

Barlow's  case  was  that  of  a  girl  aged  6  years.  She  suffered  from 
headache,  pallor  and  vomiting,  and  died  with  ursemic  symptoms.  At 
the  autopsy  there  was  found  a  very  marked  chronic  interstitial  nephritis. 
The  right  kidney  weighed  13  grammes  and  measured  5x4x0.5  cm.  The 
left  weighed  21  grammes  and  measured  6x3^x1:^  cm.  The  arteries  were 
thickened. 

Bull's  case  was  that  of  a  girl  thirteen  years  old.  The  left  kidney 
weighed  20  grammes,  was  5  cm.  long  and  3  cm.  wide.  The  right 
measured  7^x4^  cm. 

Filatoff's  case  was  of  a  girl  aged  12,  ^^'llo  was  always  weak  and  passed 
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very  much  urine.  In  her  11th  year,  slie  had  an  apoplectic  attack  with 
lel't-sided  honiiplegia.  Later  she  had  headache  and  vomiting  and  began 
to  lose  her  eyesight.  An  albuminuric  retinitis  was  found.  Before  her 
death  she  became  slightly  oedematous  and  had  a  severe  nasal  haemorrhage. 
The  urine  was  clear,  1500  cc.  daily,  and  slightly  albuminous.  The 
arteries  were  tense  and  hard,  the  apex  beat  was  exaggerated  and  situated 
below  and  to  the  left  of  the  normal  position.  The  autopsy  showed 
granular  kidneys,  hypertrophy  of  the  left  ventricle,  endarteritis  of  the 
aorta  and  the  vessels  at  the  base  of  the  brain,  and  an  old  haemorrhagic 
extravasation  in  the  right  corpus  striatum. 

In  Lavalee's  case,  a  child  5^  years  old  suffered  from  ascites  with  fever 
At  the  post-mortem  examination  there  was  found  cirrhosis  of  the  liver, 
spleen  and  kidneys. 

We  have  not  been  able  to  consult  Oppenheim's  article. 

Forster's  two  cases  occurred  in  the  same  family.  The  boy  died  at  the 
age  of  9^  years,  after  an  illness  of  5  years'  duration.  The  autopsy  showed 
typical  contracted  kidneys.  The  girl  died  at  8;^  years,  having  been  ill 
3^  years.  Several  weeks  before  her  death  she  developed  a  hsemorrhagic 
diathesis,  having  several  severe  haemorrhages  from  the  mucous  membrane 
of  the  mouth.  An  autopsy  was  not  performed.  Both  cases  during  life 
resembled  cases  of  diabetes  insipidus. 

To  these  seven  cases  gathered  by  Heubner,  making  eight  with  his  ow^n 
case,  we  may  add  a  few  others  which  we  have  found.  Westphal  (12) 
reports  the  case  of  a  man  aged  24  years  in  which  there  was  found  an 
atrophic  kidney  on  one  side  and  a  contracted  kidney  on  the  other.  There 
was  no  history  of  any  previous  illness  and  the  patient  succumbed  after 
having  been  sick  a  very  short  time.  It  is  of  interest  to  note  that  Cursch- 
mann  had  diagnosed  the  existence  of  a  contracted  kidney  with  the 
probability  of  one  kidney  not  functioning.  Baginsky  (13),  in  his  text- 
book, mentions  a  case  in  a  girl  aged  4,  which  stimulated  diabetes  in- 
sipidus. There  is  no  autopsy  reported.  Ashby  and  Wright  (16),  men- 
tion two  cases  which  seem  to  belong  in  this  group.  They  both  occurred 
in  girls,  one  .11^  and  the  other  10^  years,  v.  Buhl  reported  a  case  in  a 
child  of  one  and  one-half  years  (cited  by  Eichhorst  (28)). 

It  is  a  remarkable  fact  that  even  congenital  cases  have  been  described. 
Baginsk}^  (13)  mentions  two  such  occurrences  in  his  experience  but  gives 
no  details.  Weigert  (14)  describes  briefly  the  following  case:  At  the 
autopsy  performed  on  a  child  six  weeks  old,  who  had  suffered  from 
marked  cyanosis,  there  was  found  an  atresia  of  the  pulmonary  artery,  an 
open  septum  and  hypertrophy  of  the  right  ventricle.  The  kidneys 
measured  1.7x1x0.5  cm.  and  2x1.1x0.4  cm.  The  cortex  was  narrow  and 
37 
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the  substance  pale  and  firm.  There  were  small  cysts  on  the  surface. 
Microscopically,  there  were  found  fairly  normal  parts  with  fatty  degen- 
eration of  the  epithelium  and  areas  of  marked  chronic  interstitial  inflam- 
mation. The  epithelium  of  the  ilalpighian  tufts  still  consisted  of  large 
cells,  and,  like  the  cortical  cells,  showed  fatty  degeneration.  Hellendall 
(14a)  has  reported  two  instances  of  contracted  kidney,  probably  of  con- 
genital origin,  in  infants,  the  one  six  months  and  the  other  two  years  old. 

The  following  case,  which  w^as  obserTed  at  the  Mount  Sinai  Hos- 
pital, adds  another  to  this  list  of  cases,  and  it  is  so  interesting  from 
many  other  points  of  view  that  it  is  considered  worthy  of  publication. 

Ida  W.,  school-girl,  aged  14  years.  Admitted  January  13,  1898. 
Family  history  is  of  special  interest  and  will  be  given  in  detail  sub- 
sequently (p.  554). 

Previous  history:  The  girl  has  always  been  weak  and  under-sized. 
She  generally  stayed  at  home  because  running  around  on  the  street  made 
her  short  of  breath.  She  has  never  menstruated.  One  year  ago,  her  face 
and  feet  were  swollen  during  the  whole  winter.  She  always  felt  better 
during  the  summer.  For  some  time  past  she  has  had  a  cough  with 
expectoration.  When  six  months  old  she  suffered  from  an  attack  of 
gastro-enteritis  of  a  few  days  duration.  She  has  had  no  other  known 
acute  illness. 

Present  history:  One  week  ago,  she  became  very  much  frightened  at 
a  fire  in  the  neighborhood  at  2  P.  M.  She  was  apparently  well  until 
11  P.  M.,  at  which  time  she  went  to  sleep.  The  next  morning  it  was 
noticed  that  the  left  side  of  the  body  was  paralyzed.  She  complained 
then  and  still  does  of  headache.  She  had  fever  for  the  first  time  three 
days  ago,  and  two  days  ago  she  coughed  up  a  small  quantity  of  blood. 
Urination  and  defecation  are  stated  to  be  normal.  Her  intelligence  and 
memory  have  not  been  impaired.  The  paralysis  has  improved  some- 
what; she  has  twitchings  of  the  entire  left  side  of  the  body. 

Physical  exariiination:  Under-sized  girl,  poorly  nourished,  with  a 
dirty,  anaemic  color.  The  tongue  is  moist  and  coated.  There  are  no 
defects  in  the  teeth  and  there  is  no  lead-line  present.  There  are  no 
signs  of  any  corneal  inflammation,  and  no  changes  in  the  ears.  She  has 
a  left-sided  hemiplegia  with  some  rigidity.  Sensation  is  unimpaired  in 
the  upper  but  diminished  in  the  lower  extremities.  Lungs,  negative. 
Heart,  dulness  extends  from  1  cm.  to  the  right  of  the  sternum  to  5  cm. 
to  the  left  of  the  mammillary  line.     The  upper  border  is  at  the  third 
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rib.  The  apex  beat  is  in  the  liftii  space  in  the  axillary  line.  It  is 
forcible  and  fairly  localized.  The  lu-ari's  action  is  tunniltuous  and 
forcible.  There  is  a  systolic  murmur  over  the  mitral  area,  transmitted 
a  short  distance  to  the  left.  Over  the  aoriic  orifice  there  is  heard  a 
systolic  murmur  transmitted  up  and  down  the  sternum  and  to  tJie 
vessels  of  the  neck.  The  second  aortic  sound  is  accentuated  and 
reduplicated.  The  radial  pulse  is  tense,  the  arteiy  is  very  much  thick- 
ened and  slightly  tortuous.  The  liver  dulness  extends  from  the  fourih 
space  to  the  free  border  of  the  ribs.  Spleen,  negative.  AMomen.  nega- 
tive.    The  right  pupil  is  slightly  larger  than  the  left. 

Sulseqnent  histor,/:  January  12.  1898.  Pulse  120.  Kespiration  32, 
temperature  101.8°  F. 

Januar}^  13.  Urine  neutral,  1010,  clear,  and  contains  albumin— 1  4 
grammes  to  the  litre  (Esbach);  urea  6^  grains  to  the  ounce;  hyaline  and 
granular  casts  and  a  few  pus  cells  are  present.  The  quantity  of  urine 
could  not  be  measured  because  the  urination  was  involuntarv.  She  has 
some  cough  and  complains  of  pain  in  her  stomach. 

January  14.  Temperature  normal;  labial  herpes-;  patient  somewhat 
soporose. 

January  15.  Urine  contains  albumin,  red  and  white  corpuscles  but 
no  casts.  ' 

January  17.     The  movements  from  the  bowels  contain  some  blood. 

Januarv-  19.     Urine  again  shows  hyaline  and  granular  casts. 

January  20.  Mental  condition  has  improved.  Paralysis  unchanged. 
Pain  in  abdomen  less  marked. 

January  30.     Marked  restlessness. 

February  3.  Temperature  elevated  to  103°.  She  complains  of  pain  in 
the  left  hypochondriac  region.  By  percussion  the  spleen  is  found  to  be 
enlarged.     It  can  be  felt  and  is  tender. 

February  5.  Temperature  104.6°.  Has  severe  coughing  spells. 
Over  the  first  four  interspaces  on  the  right  side  anteriorly  and  posteri- 
oriy  are  numerous  crepitant  rales,  increased  voice  and  breathing  and  a 
dull  percussion  note. 

February  6.     Temperature  102°. 

February  7.  Over  right  lower  lobe  behind  there  is  bronchial  voice  and 
breathing.     Severe  abdominal  pain.     Temperature  100°. 

February  8  to  10.  Patient's  condition  worse.  She  lies  in  a  semi- 
comatose condition  and  complains  of  severe  abdominal  pain.  The  hemi- 
plegia has  remained  unchanged.  The  physical  signs  on  the  right  side 
have  partially  cleared  up.     Electrical  examination  shows  an  almost  com- 
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plete  loss  of  reaction  to  the  faradic  cuiTent  in  both  the  left  upper  and 
lower  extremities. 

February  15.  Ulcers  found  on  the  upper  and  lower  gums  with 
necrotic,  easily  bleeding  bases. 

February  18.  Over  the  upper  lobe  of  the  left  lung  is  an  area  of  dul- 
ness,  increased  voice  and  breathing,  crepitant  rales.     Haemoptysis. 

February  23.  Necrotic  areas  in  the  mouth  have  increased  in  size  and 
number.     Ophthalmoscopic  examination  shows  retinal  haemorrhages. 

February  35.  Continued  haemoptysis  with  signs  of  consolidation  of  a 
large  area  in  the  left  lower  lobe  posteriorly. 

February  26.  Temperature  suddenly  drops  to  96.4°.  The  patient 
had  very  severe  pain  in  the  abdomen  and  passed  a  large  amount  of  blood 
with  the  stool.     Pulmonary  oedema. 

February  27.  Temperature  still  remains  subnormal.  Marked  tym- 
panites. Subcrepitant  and  crepitant  rales  heard  in  front  and  behind 
below  the  second  rib  down  to  the  base  on  the  right  side.  Eales  heard 
yesterday  have  almost  entirely  disappeared.  Urine  contains  albumin, 
16  grammes  to  the  litre.  Urea  4  grains  to  the  ounce.  Temperature  sub- 
normal. 

March  3.  Very  marked  pericardial  friction  sounds  heard  even  at  a 
distance  from  the  patient. 

March  5.  Crepitant  rales  over  the  upper  part  of  the  left  chest  with 
bronchial  voice  and  breathing.     Temperature  94°  to  96°. 

March  6.     Eeturn  of  the  pulmonary  oedema.     Exitus. 

Clinical  diagnosis:  Chronic  interstitial  nephritis.  General  arteritis. 
Atheroma  of  aorta  and  aortic  valve.  Cardiac  hypertrophy.  Cerebral 
haemorrhage.  HEemorrhages  into  the  lung  and  spleen.  Haemorrhages 
in  the  area  of  distribution  of  the  superior  mesenteric  artery.  Fibrinous 
pericarditis. 

Post-mortem  examination:  Five  hours  after  death.  Body  very  much 
emaciated.  Slight  general  oedema,  more  marked  on  the  left  side  of  the 
body,  with  marked  oedema  of  the  feet. 

Lungs:  Slightly  adherent  at  the  apices.  Moderate  pulmonary 
oedema.  Both  lungs  are  very  firm.  In  the  right  upper  lobe  there  is  a 
very  dense  non-crepitating  area  which  is  infiltrated  with  blood.  In  the 
right  lower  lobe  there  is  a  similar  smaller  triangular  area.  In  the  left 
upper  lobe,  are  several  patches  of  consolidation  and  one  large  lisemor- 
rhagic  area.  In  the  left  lower  lobe,  there  is  a  large  recent  luemorrhage. 
There  is  marked  subpleural  emphysema  of  both  lungs. 

Heart:  On  the  anterior  aspect  there  is  very  much  fresh  fibrin;  the 
left  ventricle  shows  marked  hypertrophy,  the  thickest  part  of  the  wall 
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measin-ing  3^  cm.  and  llie  tliinnest  2  cm.  The  aortic  valves  show 
moderate  atheroma.  The  flaps  of  the  mitral  valve  are  slightly  thick- 
ened. The  wall  of  the  right  ventricle  is  somewhat  hypertrophied.  Tiie 
aorta  shows  patches  of  athei'oma  especially  around  the  openings  of  the 
coronary  arteries.  The  coronary  arteries  are  markedly  atheromatous. 
On  the  endocardium  between  the  aortic  and  mitral  valves,  and  on  one 
cusp  of  the  mitral.'  arc  ]iatclies  of  marked  atheroma.  The  cardiac  muscle 
is  pale  but  firm. 

Spleen  weighs  80  grammes;  measures  5x8^  cm.  Malpighian  bodies 
are  very  distinct.  Almost  the  entire  spleen  is  taken  up  by  a  large 
hfemorrhage. 

Kidnei/s.  small,  red.  The  right  weighs'  59  grammes  and  measures 
9x4x3  cm.  The  left  weighs  34^  grammes  and  measures  6|x3^x2^  cm. 
The  capsules  are  very  adherent;  the  surface  irregularly  granular.  The 
kidney  substance  is  firm;  the  cortex  is  very  narrow.  The  pelves  of  both 
kidneys  are  markedly  enlarged,  and  surrounded  by  fat.  The  markings 
are  very  indistinct.  On  the  surface  of  the  kidney  are  enlarged  veins, 
and  some  of  the  glomeruli  can  be  indistinctly  seen  as  white  dots.  The 
left  kidney  is  more  markedly  affected  than  the  right,  the  parenchyma 
being  only  0.5  cm.  wide. 

Stomach:  Catarrhal  inflammation.  A  few  ha3niorrhagic  erosions  near 
pylorus. 

Intestines:  There  is  a  large  hagmorrhage  in  the  mesentery.  No  em- 
boli nor  thrombi  can  be  found  in  the  mesenteric  arteries  or  veins  or  their 
branches.  The  superior  mesenteric  artery  is  markedly  atheromatous. 
The  small  intestine  shows  catarrhal  inflammation;  the  contents  are 
mucoid  and  bloody.  The  large  intestine  shows  catarrhal  inflammation 
with  marked  injection  of  the  walls. 

Pancreas  is  indurated. 

Liver  somewhat  enlarged,  is  fairly  firm,  shows  chronic  congestion  and 
some  increase  in  the  connective  tissue.  In  the  right  lobe  on  the  anterior 
and  inferior  surfaces  are  triangular  areas  reaching  to  the  surface  in 
which  there  is  a  firm  deposit  in  and  along  the  vessels  looking  as  if  the 
vessels  were  firmly  thrombosed. 

The  brain  could  not  be  examined. 

Microscopical  examination :  Lungs  show  the  changes  characteristic  of 
brown  induration  with  a  fair  amount  of  increase  in  the  interstitial 
connective  tissue.  The  lower  lobe  shows  areas  where  the  air-vesicles  are 
filled  with  epithelial  and  pus-cells  and  numerous  red  blood-corpuscles. 
The  right  upper  lobe  shows  the  same  condition  with  a  larger  and  more 
recent   hemorrhage.     The  left   upper  lobe   contains   a   large  area   of 


548  Chronic  Nephritis  arid  Arteritis  in  the  Young 

croupous  pneumonia.  The  left  lower  lobe  shows  maxked  recent  infiltra- 
tion with  red  blood-corpuscles. 

Liver:  The  capsule  is  thickened.  The  capillaries  are  dilated  and 
there  is  a  little  increase  in  the  interstitial  connective  tissue.  The  liver 
cells  show  marked  degeneration  and  pigmentation.  There  are  small 
haemorrhages  under  the  capsule.  The  walls  of  the  hepatic  veins  are 
thickened  and  the  veins  themselves  are  dilated.  The  arteries  show 
marked  obliterating  endarteritis.  Scattered  throughout  the  parts  of  the 
liver  which  showed  such  a  peculiar  condition  macroscopically,  are  irreg- 
ular areas  (Plate  XXV^,  Fig.  1)  which  stain  very  darkly  with  Delafield's 
hsematoxylin  and  look  necrotic.  These  areas  seem  to  follow  the  branches 
of  the  hepatic  artery,  surrounding  and  sometimes  obliterating  the  lobules. 
On  the  addition  of  dilute  hydrochloric  acid  to  the  unstained  specimen, 
these  areas  become  much  paler  without  the  evolution  of  gas  bubbles, 
and  when  thoroughly  washed  out  and  then  stained  with  the  same  solution, 
they  appear  more  homogeneous  and  stain  with  about  the  same  intensity 
as  the  surrounding  j^arts  of  the  liver.  They  are,  therefore,  areas  which 
have  become  impregnated  with  lime  salts.  The  absence  of  any  evolution 
of  gas  bubbles  on  the  addition  of  the  acid  shows  that  they  consist  of 
calcium  phosphate. 

Spleen  shows  the  changes  of  acute  inflammation.  The  capsule  is 
thickened  and  there  is  an  increase  in  the  interstitial  connective  tissue. 
The  pulp  is  infiltrated  with  red  blood-corpuscles.  The  arteries  are  the 
seat  of  a  marked  obliterating  endarteritis. 

Kidneys  (Plate  XXY,  Figs.  2  and  4):  The  right  kidney  shows  a 
marked  chronic  interstitial  nephritis.  In  some  areas  the  renal  paren- 
chyma is  entirely  replaced  by  fibrous  tissue.  Many  of  the  glomeruli  are 
converted  into  fibrous  balls.  Some  of  the  tubules  are  dilated,  others 
are  atrophied;  some  contain  casts,  others  granular  material  or  blood. 
The  epithelium  shows  marked  degeneration.  There  are  small  scattered 
haemorrhages  present  and  signs  of  chronic  congestion.  The  arteries 
show  marked  obliterating  endarteritis  (Plate  XXY,  Figs.  2  and  3),  many 
of  them  being  entirely  closed.  Scattered  throughout  the  Iddney  are  very 
small  areas  similar  to  those  which  have  been  described  as  occurring  in 
the  liver.  The  left  kidney  shows  the  same  changes  as  the  right,  and 
in  even  more  marked  degree. 

Pancreas  contains  areas  of  infiltration  with  round  cells  between  the 
lobules,  and  in  some  places  in  the  centre  of  the  lobules. 

Coronary  arteries:  There  is  extreme  thickening  of  the  intima,  fibrous 
metamorphosis  of  the  media  and  extensive  calcific  deposits  and  necroses 
in   the  intima   (Plate   XXV,  Fig.   -5).     One  of  the  smaller  peripheral 
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arteries  shows,  iiiicroscopieally.  a  thiekenin<j:  of  all  ilie  ualJs;  llie  iiitinia 
contains  calcified  and  necrotic  areas,  and  there  are  broken-down  thrombi 
attai'hed  to  it.  The  media  is  almost  entirely  replaced  by  connective 
tissue.  There  are  small  ha3niorrhages  in  the  adventitia.  The  superior 
mesenteric  arteri/  likewise  shows  irregular  thickening  of  the  intima  and 
of  the  media  with  small  calcific  areas  in  the  intima. 

Anatomical  diagnosis:  Pulmonary  oedema;  brown  induration  of 
lungs;  ha?mon-hages  into  lungs,  spleen  and  mesentery;  lobular  ])neu- 
monia;  cardiac  hypertrophy;  general  chronic  arteritis;  chronic  conges- 
tion of  the  liver,  with  calcific  deposits:  acute  splenic  tumor;  catarrhal 
inflammation  of  the  gastro-intestinal  tract;  chronic  interstitial  nephritis 
(small  red  kidney). 

Bemarks  on  the  results  of  the  post-mortem  examination. — The 
kidneys  from  this  case  are  among  the  smallest  that  have  been  recorded 
in  the  chronic  nephritis  of  early  life.  In  a  few  of  the  other  recorded 
cases,  the  size  of  the  kidneys  has  been  as  follows:  Handford  (15), 
12-year-old  girl,  right  kidney,  60  grammes;  8-}x4^x2f  cm.  Left 
kidney,  15  grammes;  5x4x2  cm.  In  Ashby  and  Wright's  (16)  cases, 
from  the  one  case  of  a  girl  11  i-  years  old  the  right  kidney  weighed  75 
grammes,  the  left  kidney,  22  grammes.  The  kidneys  from  the  other 
case  weighed  together  45  grammes  and  each  measured  5  cm.  in  length. 
In  one  of  Kidd's  cases  (17)  one  kidney  weighed  60  grammes  and  the 
other  30  grammes. 

The  change  in  the  liver,  which  is  reproduced  in  Plate  XXV, 
Fig.  1,  is  certainly  very  striking.  In  places  it  made  the  impression 
that  the  process  began  in  the  walls  of  the  arteries  and  that  then  the 
parts  supplied  became  degenerated  and  infiltrated  with  lime  salt. 
The  occurrence  of  such  calcification  in  the  arteries,  beginning  in  the 
intima,  was  demonstrated  in  the  kidneys  and  is  illustrated  in  Plate 
XXV,  Pigs.  2  and  3. 

The  presence  of  calcified  areas  in  the  liver  is  extremely  rare. 
Babes  mentions  an  instance  in  an  article  on  the  technique  of  staining 
with  safranin.*  The  liver  described  by  him  was  obtained  from  a 
patient  who  suffered  from  tuberculosis  of  the  femur  and  the  hip-joint. 

*  Virchow's  Archil',  18S6,  cv,  p.  511. 
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l^one  of  the  other  organs  showed  similar  changes.  The  liver  was 
large,  gravish-brown  in  color,  and  presented  grayish-yellow  patches 
corresponding  to  the  central  veins,  so  that  it  looked  like  a  nutmeg 
liver  of  a  peculiar  character.  It  felt  sandy,  and  cutting  it  caused  a 
gTating  sound.  The  deposit  proved  to  be  composed  of  lime  salts  in 
and  around  the  central  veins  and  their  branches  and  in  the  sur- 
rounding cells.  Around  these  areas  the  cells  had  lost  their  nuclei 
and  their  contours  were  obliterated.  Babes  considered  the  condition 
to  be  due  to  lime  resorption  from  the  bone  disease  and  its  later  deposi- 
tion in  the  liver.  Virchow  thought  likewise,  but  the  exact  manner 
of  its  occurrence  could  not  be  determined. 

Similar,  but  smaller  and  fewer  areas  of  calcareous  impregnation, 
were  found  in  the  kidneys  and  in  the  walls  of  many  of  the  vessels. 
Figure  5  (Plate  XX Y)  shows  the  deposits  in  the  walls  of  the  coronary 
artery.  It  also  shows  the  other  changes  noted  in  the  report  of  the 
microscopical  examination.  In  Fig.  4  (Plate  XXV)  are  shown  the 
changes  in  the  kidney,  the  part  represented,  however,  not  being  that 
most  markedly  affected.  The  large  number  of  vessels  almost  or 
entirely  closed  is  very  striking.  As  stated  above,  an  examination  of 
the  brain  was  not  permitted,  but  it  is  probable  that  the  hemiplegia 
which  marked  the  onset  of  the  symptoms  was  due  to  a  right-sided 
haemorrhage. 

For  the  sake  of  completeness  we  may  note  here  that  a  blood  culture 
was  made  14  hours  before  death.  A  pure  culture  of  Staphylococcus 
albus  was  obtained,  and  after  death  the  same  organism  was  cultivated 
from  the  heart's  blood.  We  lay  no  stress  upon  this  observation,  as 
the  agony  was  very  prolonged  and  the  bactereemia  may  have  been  due 
to  an  agonal  invasion. 

General  Remarks. — (1)  As  to  the  diagnosis  of  the  main  conditions, 
only  a  few  words  are  necessary.  At  first  sight  the  case  might  have 
been  considered  as  primarily  cardiac  in  nature  with  secondary  renal 
changes  of  the  chronic  interstitial  type.  The  marked  hypertropln'  of 
the  heart,  however,  with  the  distinctly  accentuated  second  sound 
caused  us  to  suspect  a  primary  affection  of  the  kidneys.  The  finding  of 
the  diseased  radial  vessels  supported  this  view.     It  must  be  remem- 
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berod,  however,  ihat  a  similar  clinical  picture  caji  be  produced  by 
disease  of  the  vessels  without  involvement  of  the  kidneys.  This  fact, 
which  has  not  received  proper  recognition,  is  strikingly  illustrated  by 
a  case  recorded  by  Hawkins.*  As  tin's  case  resembles  ours  to  a  great 
extent,  we  present  it  in  detail: 

A  girl,  aged  11  years,  in  the  summer  of  18{)1,  had  a  week's  illness, 
probably  attributable  to  infarctions  of  the  lung.  In  January,  1892, 
similar  symptoms  again  appeared,  the  pain  being  first  on  the  left  side' 
and  later  on  the  right.  The  cough,  with  blood-stained  sputum,  per- 
sisted up  to  the  end  of  the  illness.  February  7,  the  legs  became  oedema- 
tous  and  later  the  face.  The  urine  showed  a  trace  of  albumin,  no  casts, 
and  was  diminished  in  quantity.  February  25,  the  urine  was  bloody  and 
contained  a  little  albumin,  and  the  patient  vomited.  The  child  died 
after  three  weeks  from  what  seemed  to  be  unemic  poisoning,  the  case 
being  considered  one  of  acute  nephritis.  There  was  no  syphilitic  history. 
At  the  autopsy  all  the  arteries  of  both  the  aortic  and  pulmonary  sys- 
tems were  found  to  be  diseased.  There  was  consolidation  with  infarc- 
tions of  portions  of  both  lungs.  Both  renal  arteries  were  occluded  by 
thrombi.  There  were  small  clots  in  each  of  the  lateral  lobes  of  the 
cerebellum.  The  left  ventricle  was  dilated  and  hypertrophied.  For  a 
distance  of  three  inches  above  the  bifurcation  the  aorta  was  so  narrow 
as  scarcely  to  admit  a  bullet-probe.  The  arterial  wall  measured  only 
one-half  inch  in  breadth  when  opened.  The  kidneys  microscopically 
showed  no  signs  of  nephritis.  The  arteries,  macroscopically,  showed  gray 
translucent  spots  and  patches,  smooth  or  corrugated.  Microscopically, 
these  were  composed  of  indistinct  fibrocellular  tissue  in  the  intima.  In 
the  media  and  adventitia  were  collections  of  leucocytes,  especially  around 
the  vessels.  The  new  tissue  was  not  the  seat  of  fatty  or  degenerative 
change,  with  the  exception  of  some  deeply-stained  patches  of  amorphous 
material  (lime?)  on  the  surface. 

(2)  The  hsemon-hages  in  our  case  caused  prominent  symptoms 
during  life.  Those  in  the  lungs  were  easily  made  out.  The  intra- 
splenic  hsemoiThage  was  diagnosed  from  the  acute  enlargement  and 
tenderness  of  the  spleen  and  the  rise  in  temperature.  The  extrava- 
sation in  the  mesentery  was  indicated  by  excessive  abdominal  pain, 
bloody  stools,  and  tympanites;   and  the  sudden  occurrence   of  sub- 

*  Transactions  of  the  London  Patliologioal  Society,  1892,  p.  46,  cited  in  part 
by  Delafield  (4). 
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normal  temperature  indicated  a  large  hsemorrhage.  The  question 
whether  the  hsemorrhages  were  due  to  thromboses,  embolisms  or  rup- 
tures of  smaller  or  larger  vessels  had  to  be  left  open  as  any  one  of  these 
conditions  was  possible.  The  marked  bleeding  from  the  gums,  how- 
ever, indicated  that  it  was  not  necessary  to  assume  the  existence  of 
embolism  or  thrombosis  and  that  the  haemorrhages  might  be  explained 
by  the  existence  of  a  hsemorrhagic  diathesis.  Such  a  diathesis  in 
similar  cases  has  been  noted  by  Filatoff  (8)  and  Forster  (11). 

(3)  The  arterial  changes  present  were  very  advanced.  The  question 
naturally  arises  whether  these  or  the  renal  changes  were  primary. 
This  is  frequently  a  very  difficult  problem.  From  the  examination 
of  two  other  members  of  the  same  family,  we  are  inclined  to  believe 
that  the  lesion  in  the  kidney  was  primary,  as  these  two  persons  have 
long-standing  chronic  nephritis  with  but  little  evident  arterial  change. 
Of  course,  it  is  possible  that  their  peripheral  arteries  may  not  show 
arteritis,  while  this  may  exist  elsewhere,  and,  therefore,  a  positive 
opinion  is  not  warranted. 

Throughout  the  records,  there  are  occasional  references  to  cases  of 
chronic  arteritis  in  children,  and  it  has  been  noted  that  there  exists 
in  certain  families  a  tendency  to  the  development  of  arterial  changes 
early  in  life.  The  most  common  occurrences  have  been  aneurisms 
of  the  cardiac  valves  and  dilatation  of  the  aorta  (Baginsky).  Jacobi, 
(18),  in  reporting  a  case  of  aneurism  of  the  abdominal  aorta  in  a  child, 
refers  to  twenty-eight  other  recorded  cases  of  aneurism  in  early  life. 
Since  then  at  least  two  more  cases  have  been  described.  These  cases 
need  classification,  however,  as  some  of  them  were  not  due  to  primary 
arterial  changes  but  were  mycotic  in  origin  (Eppinger).  Among  the 
stiiking  instances  of  advanced  arterial  disease  reported  in  childhood, 
are  the  following: 

Fenomenoff  has  recently  reported  a  congenital  aneurism  of  the  ab- 
dominal aorta  which  obstructed  delivery  (Eichhorst).  Oppe  (19)  de- 
scribes an  aneurism  of  the  basilar  artery  in  a  boy  seven  years  old.  Sanne 
(20)  reports  the  case  of  a  child  of  two  years  with  narrowing  of  the  aorta 
due  to  chronic  aortitis.  Pendin  (81)  describes  in  a  girl  of  12  an  aneurism 
of  traumatic  origin.     Andral   (22)  saw  calcific  plates  in  the  aorta  of 
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a  girl  5  years  old.  Moutard-Martin  (23)  saw  atheroma  of  the  arch  in  a 
boy  agod  two  years.  Hodgson  (24)  records  calcification  of  the  temporal 
artery  in  a  girl  of  five,  and  HolTnung  (25)  describes  an  aneurism  of  the 
pulmonary  artery  in  a  girl  of  ten  months.  Generalized  arterial  disease 
in  connection  with  chronic  interstitial  nephritis  without  any  sypliilitic 
history  has  been  described  by  FilatolT  (8)  and  Barlow  (6). 

The  changes  found  in  our  case  were  as  advanced  as  in  well-marked 
arteriosclerosis  of  adult  life.  While  the  character  of  the  lesions  sug- 
gested syphilis,  a  very  thorough  examination  of  the  whole  family 
failed  to  elicit  anything  corroborative  of  such  a  view. 

(4)  The  absence  of  any  usual  etiological  factor  drew  our  attention 
to  the  possibility  of  the  case  being  an  instance  of  so-called  "  family 
nephritis."  Senator's  recent  volume  on  the  diseases  of  the  kidneys, 
in  Nothnagel's  Handbuch,  cites  several  instances  of  nephritis  occun'ing 
in  several  members  of  the  same  family. 

Dickinson  (26)  reports  a  family  in  wliich  in  the  first  generation  two 
sisters  had  albuminuria  for  many  years  and  died  at  the  ages  of  48  and 
49.  Of  the  four  children  of  a  brother,  one  son  had  albuminuria  for  14 
years  and  died  at  the  age  of  26,  and  one  daughter  died  at  34,  after  having 
been  sick  sixteen  years.  Two  other  daughters  had  no  albuminuria  and 
lived  to  the  ages  of  38  and  40.  Of  six  children  in  the  third  generation, 
five  had  albuminuria,  one  daughter  having  it,  from  the  age  of  nine 
months,  for  twenty  years,  and  one  son  of  20  for  an  unknown  length  of 
time.  Another  son  of  15  had  it  for  two  years  and  one  daughter  of  five 
years  was  albuminuric  since  the  age  of  six  months. 

Tyson  (27)  mentions  the  instance  of  a  man  of  30  with  contracted 
kidneys  whose  father  and  mother  died  of  the  disease,  and  one  brother 
at  the  age  of  37.  Two  children  of  the  brother  had  chronic  nephritis  at 
the  ages  of  four  and  seven  respectively.  One  brother  died  at  29  from 
convulsions.  Two  older  brothers  and  one  sister,  aged  23,  32  and  36 
respectively,  had  the  disease  for  five  or  six  years.  One  cousin  on  the 
mother's  side  and  numerous  relatives  in  earlier  generations  died  of 
chronic  nephritis. 

Eichhorst  (28)  gives  tlie  history  of  an  artist's  family  who  were  suf- 
ferers from  the  disease.  The  grandmother  (who  had  no  gout)  died  of 
uraemia.  The  mother  and  a  daughter  24  years  old  suffered  from  chronic 
interstitial  nephritis,  the  former  for  fifteen  years.     Two  sons  died  of 
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ui-cPmia.  A  daughter,  aged  22,  showed  signs  of  the  disease  at  the  time 
of  the  report. 

Kidd  (17)  reports  the  case  of  a  woman  of  60  who  died  of  nephritis  of 
long  standing,  as  did  also  her  brothers.  Of  12  children,  7  died  with 
the  same  disease,  and  two  had  it  at  the  time  of  his  report.  In  two  of 
the  fatal  cases  a  post-mortem  examination  was  made  and  contracted  kid- 
neys were  found.     Possibly  Forster's  cases  belong  in  this  category. 

Samelsohn  (29)  observed  chronic  nephritis  in  two  brothers,  and  noted 
its  probable  existence  in  two  sisters  and  a  son  in  the  same  family. 

Pel  (30),  in  a  recent  article,  mentions  several  families  in  which  he  has 
noted  the  tendency  to  the  development  of  chronic  nephritis,  and  reports 
one  instance  of  family  nephritis  not  less  striking  than  that  of  Dickinson. 
The  disease  affected  18  members  (9  males  and  9  females)  of  the  family 
in  three  generations.  Of  60  children  of  the  fourth  generation,  none  at 
the  time  of  Pel's  report  was  affected,  but  as,  in  contrast  with  the  observa- 
tions cited  above,  the  disease  in  this  series  appeared  later  in  life,  their 
subsequent  fate  must  remain  for  the  present  in  doubt.  Pel  notes  that 
in  this  family  the  tendency  was  for  the  sons  to  inherit  from  the  father 
and  the  daughters  from  the  mother — an  exception  to  the  Darwinian 
rule  of  heredity. 

An  examination  into  the  family  history  of  our  case  and  a  personal 
investigation  of  the  members  of  the  family,  which  was  possible  only 
after  repeated  efforts,  revealed  the  following  interesting  facts: 

The  father  died  at  the  age  of  42  of  lobar  pneumonia.  His  previous 
history  was  negative  so  far  as  can  be  determined.  The  mother  is  45 
years  old  and  in  good  health,  presenting  no  signs  of  renal  or  arterial 
disease.  Of  the  12  children,  six  died  very  young  of  causes  which  are 
unknown.     The  living  children  are  as  follows: 

1.  A  girl  of  eight,  who  seems  to  be  in  good  health  and  whose  urine  and 
heart  show  no  changes. 

2.  A  boy,  aged  13,  who  is  also  in  good  health  and  in  whom  the  physical 
and  urinary  examinations  reveal  nothing  abnormal. 

3.  A  girl  of  fourteen,  who  complains  of  severe  headache.  She  is  very 
well  developed  and  her  heart  and  arteries  show  no  deviation  from  the 
normal.  The  urine  has  a  specific  gravity  of  1016  and  contains  no  albu- 
min nor  casts. 

4.  A  girl,  aged  19,  who  has  been  ailing  for  at  least  six  years  (probably 
over  10  years).   She  has  no  history  of  any  acute  disease.  ]\renstruation  be- 
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gaii  al  i'-i  ami  has  always  been  irregular  and  prol'uso.  She  cuniplains  of 
very  great  thirst  and  has  to  arise  several  times  at  night  to  drink  water. 
She  passes  very  much  urine.  The  appetite  is  ])oor.  She  has  no  headache 
and  no  vomiting.  She  has  occasional  cough  and  palpitation,  l)ut  com- 
plains only  of  her  excessive  thirst.  An  examination  on  XoA^ember  '),  1898, 
showed  the  following:  There  is  marked  auffimia.  The  pulse  is  of  high 
tension  and  the  walls  of  the  radials  are  somewhat  thickened.  The 
sphygmographic  tracing  shows  marked  elastic  vibrations  and  only  a 
slight  dicrotic  notch.  The  apex  beat  is  in  the  fifth  space  just  to  the 
left  of  the  mammillary  line  and  is  very  forcible.  The  urine  is  very  light 
in  color  and  has  a  specific  gravity  of  1001^.  There  is  albumin  present, 
0.14  per  cent  (Esbach),  no  sugar.  The  microscopical  examination  shows 
only  epithelium  and  a  few  leucocytes.  When  seen  two  weeks  later,  there 
was  marked  oedema  of  the  ej^elids  and  some  headache,  which  disappeared 
after  a  few  days.  At  the  date  of  writing,  March  1,  1899,  she  is  in  good 
health,  except  for  her  inordinate  thirst.  She  is  evidently  suffering  from 
a  very  advanced  chronic  interstitial  nephritis,  vrhich  is  running  a  slow 
and  quite  latent  course. 

5.  The  oldest  sou,  aged  2-i,  gives  no  history  of  any  acute  disease  in 
childhood.  He  has  always  been  anasmic.  Six  years  ago,  he  suffered  all 
winter  from  a  severe  cough  and  had  general  oedema  which  began  in  the 
face.  He  has  felt  perfectly  well  since  then  and,  therefore,  for  a  long 
time  opposed  any  personal  examination.  On  February  19,  1899,  the  fol- 
lowing facts  were  made  out.  There  is  a  moderate  ansemia.  The  apex 
beat  is  in  the  sixth  space,  one-half  inch  to  the  left  of  the  mamillary  line, 
and  is  very  forcible.  There  is  a  booming  first  sound  and  an  accentu- 
ated second  sound  at  the  apex.  At  the  aortic  orifice,  there  is  a  slight 
systolic  murmur  and  an  accentuated  second.  The  pulse  is  86,  the 
radial  artery  is  slightly  thickened,  the  pulse  shows  moderate  tension. 
The  urine  is  clear.  1012;  contains  no  albumin  and  no  casts;  urea  9  grains 
to  the  ounce.  Although  he  has  no  symptoms  at  present,  and  the  urine 
shows  nothing  abnormal,  there  can  be  little  doubt  from  his  history  and 
physical  examination,  that  he  has  a  chronic  interstitial  nephritis  and 
belongs  to  that  unusual  class  of  cases  in.  which  for  a  time  at  least  the 
urine  shows  no  abnormalities.  We  have  been,  permitted  thus  far  to 
examine  only  one  specimen  of  the  urine,  and  it  is  quite  possible  that 
when  we  next  examine  it  we  may  find  albumin. 

It  is  evident  that  we  have  to  deal  with  a  family  in  which  there  is  a 
tendency  to  the  development  of  chronic  interstitial  nephritis,  this 
having  occurred  in  the  three  eldest  children. 
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The  main  points  of  interest  in  the  case  herewith  presented  are  as 
follows: 

1.  The  occurrence  of  a  very  advanced  primary  chronic  interstitial 
nephritis  at  the  age  of  fourteen  years. 

2.  Its  presence  in  other  members  of  the  same  family. 

3.  The  extensive  and  marked  arterial  changes  present. 

4.  The  hsemorrhagic  diathesis  and  especially  the  occun-ence  of  a 
large  haemorrhage  in  the  mesentery. 

5.  The  occurrence  of  calcific  deposits  in  the  liver. 

6.  The  case  draws  our  attention  again  to  the  latency  of  some  of 
these  cases  of  chronic  nephritis  in  children.  There  is  no  doubt  that 
some  of  them  have  been  regarded  as  instances  of  diabetes  insipidus. 
The  necessity  of  a  careful  and  continued  observation  of  the  heart  and 
vessels  in  such  cases  is  apparent.  Others  are  treated  for  a  long  time 
for  ansemia  without  its  cause  being  discovered.  Still  others  do  not 
present  themselves  for  treatment  until  the  fatal  termination  is  close 
at  hand,  the  patients  having  had  no  marked  symptoms.  The  fact  that 
chronic  nephritis  may  run  so  latent  a  course  and  may  occur  at  any 
age  should  lead  us  to  pay  as  much  attention  to  the  examination  of  the 
urine  of  children  as  of  adults. 

We  are  indebted  to  Dr.  F.  S.  Mandlebaum,  the  pathologist  of  Mount 
Sinai  Hospital,  for  much  valuable  assistance  in  connection  with  the 
histological  part  of  this  investigation. 

DESCEIPTION   OF  PLATE  XXV. 

Fig.  1. — Section  of  liver  showing  areas  of  calcification.    Low  magnification. 

Fig.  2. — Section  of  kidney  showing  obliterating  endarteritis,  calcified 
vessel,  and  chronic  interstitial  nephritis.     Loav  po^ver. 

Fig.  3.  Section  of  calcified  artery  seen  in  Fig.  2,  with  higher  magnifi- 
cation. 

Fig.  4. — Section  of  kidney  showing  the  lesions  of  advanced  chronic  inter- 
stitial nephritis. 

Fig.  5. — Section  of  Avail  of  calcified  coronary  artery  of  the  heart. 
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LYMPHOMA,  A  BENIGN  TUMOR  REPRESENTING  A 
LYMPH  GLAND  IN  STRUCTURE. 

By  E.  K.  Le  count,  M.  D., 

Assistant  Pkofessok  of  Pathoixkjy,  livsn  Medical  College. 

(From  the  Pathological  Laboratory  of  Rush  Medical  College.) 

Plates  XXVI  and  XXVII. 

There  is  little  uniformity  of  opinion  among  authorities  to  satisfy 
the  critical  student  concerning  the  word  *'  lymphoma  "  and  the  con- 
ception conveyed  by  it.  In  conformity  with  oncological  nomen- 
clature, the  term  is,  in  a  strict  sense,  applicable  only  to  new  growths 
made  up  of  lymphoid  tissue,  but  in  the  course  of  time  it  has  come  to 
include  a  variety  of  pathological  conditions. 

Kaufmann  (1)  and  Orth  (2)  classify  lymphomata  into  leukaemic, 
aleuksemic  and  malignant.  Klebs  (3),  following  Virchow,  Birch- 
Hirschfeld  (4)  and  Ziegler  (5),  emphasize  the  fact  that  in  many 
instances  inflammatoiy  processes  have  monopolized  the  use  of  the 
term,  Langhans  (6)  many  years  ago  stated  that  "  in  pseudo-leukaemia 
there  are  two  forms  of  lymphomata;  "  and  Warren  (7),  in  enumerating 
the  conditions  denoted  by  the  word  "  lymphoma,"  mentions  "  simple 
hypertrophy  of  the  lymphatic  glands,  due  to  some  of  the  above  causes 
(tuberculosis,  syphilis  and  other  infective  diseases),  to  w^hich  the  term 
lymphoma  has  been  applied."  Warren  advocates  dropping  the  term 
lymphoma,  since  '"  those  cases  which  were  supposed  to  occupy  an 
independent  position  under  the  name  of  lymphoma  or  lymphadenoma 
can  now  be  classified  imder  some  one  of  the  other  headings."  The 
objection  to  this  by  Birch-Hirschfeld  is  that  if  the  term  lymphoma  is 
limited  to  the  infectious  enlargements  of  lymph  glands  to  which  it  has 
so  far  been  mainly  applied,  there  remains  nothing  by  which  to  desig- 
nate a  benign  lymph omatous  tamor. 

Most  unsatisfactory  is  the  definitio'n  of  Stengel  (8),  who  defines 

lymphoma  as  "  a  more  or  less  malignant  form  of  new  growth  affecting 
38 
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the  lympli  glands  or  other  lymphadenoid  tissues."  TJnna  (9)  evi- 
dently considers  a  Ivmplioma  to  be  simply  a  collection  of  leucocytes, 
for  he  says,  "  we  shall  not  go  far  astray  if  we  regard  this  very  obstinate 
form  of  leuksemic  cutaneous  nodule  also  as  a  granuloma  and  not  as  a 
collection  of  leucocytes — a  lymphoma." 

With  gTatifying  clearness  Senn  (10)  defines  lymphoma  as  "  a 
benign  tumor  formed  of  lymphoid  tissue  produced  from  a  matrix  of 
lymphoblasts;  "  further  (11),  as  "  an  encapsulated  tumor  which  mani- 
fests no  tendency  to  implicate  adjacent  glands  and  which  is  never  com- 
plicated by  affections  of  the  blood-forming  organs."  That  this  con- 
ception of  a  lymphoma  was  largely  theoretical  in  its  deduction  is 
evidenced  by  the  admission  of  the  author  that  "  it  is  easier  to  say 
what  a  lymphoma  is  not,  than  what  it  is."  The  reason  for  this  last 
statement  obviously  lies  in  the  absence  from  medical  literature  of  any 
observations  of  growths  which  would  conform  to  such  a  definition, 
i.  e.  a  true  tumor,  benign,  atypical  in  structure,  yet  representing  lym- 
phoid tissue  and  not  due  to  any  inflammatory  process.  ISTot  even 
Senn  refers  to  any  such  observations;  he  remarks  further,  "In  no 
department  of  surgical  pathology  do  we  meet  with  more  confusion 
than  in  the  difference  between  benign  and  malignant  tumors  and 
inflammatory  swellings  of  the  lymph  glands."  This  confusion  is  due 
not  so  much  to  a  lack  of  knowledge  of  the  inflammatory  affections  of 
lymph  glands  nor  to  an  ignorance  of  the  nature  and  characteristics  of 
malignant  tumors  but  to  the  great  raritv  of  beniaii  new  growths  of 
lymph  glands. 

I  am  indebted  to  Dr.  J.  B.  Murphy  for  the  opportimity  to  examine 
a  small  tumor,  which,  I  became  convinced  from  a  careful  study,  repre- 
sented a  benign,  non-inflammatory,  new-growth  of  lymph  nodes;  in 
other  words,  a  lymphoma  according  to  Senn,  a  benign  lymphoma 
according  to  Ziegler  and  others. 

The  tumor  was  located  in  the  left  groin  and  had  attained  the  size 
of  a  pigeon's  egg  by  a  very  gradual  gTOwth  extending  over  a  period 
of  fifteen  years.  The  inguinal  canal  was  not  patent  and  there  was 
no  enlargement  of  the  adjacent  glands  nor  of  those  of  the  opposite 
side.     The  man  was  in  good  general  health;  there  were  no  similar 
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tumors  cist  where  on  the  l)0(ly,  and  there  has  been  no  recurrence  of 
any  growth  since  its  removal  three  years  ago. 

"When  examined  in  the  fresh  condition  tlie  tumor  ])resented  an  oval, 
flattened  shape  not  verv  unlike  a  small  kidney  (Plate  XXVI,  Fig.  1). 
On  section,  light  reddish  surfaces  were  exposed  which  were  studded 
with  areas  the  size  of  millet  seeds  and  resembling  closely  the  Mal- 
pighian  bodies  of  the  spleen.  These  minute  areas  were  very  uniform 
in  their  distribution ;  there  was  apparently  no  difference  in  this  respect 
between  the  cortical  and  the  more  central  portions,  these  two  regions 
being  quite  similar  in  color.  Although  a  fibrous  capsule  surrounded 
the  growth,  there  were  no  coarse  trabeculae  entering  the  tissue.  The 
blood-vessels  exposed  in  a  number  of  sections  were  all  small.  There 
were  no  spots  of  softening  or  hsemorrhage  nor  any  special  features 
which  would  point  to  an  inflammatory  process. 

Microscopic  Examination. — The  tumor  was  hardened  in  alcohol. 
Sections  stained  by  ordinary  methods  show  the  tissue  to  be  distinctly 
lymphoid  in  character  and  to  contain  many  lymph  nodes  (Plate 
XXVI,  Fig.  2).  In  serial  sections  the  largest  diameters  of  one  of 
average  size  were  112  by  88^/.  A  very  large  node  measured  160/^  in 
its  longer  diameter  by  116//  in  the  shorter.  The  cells  composing  these 
nodes  are  arranged  in  a  very  striking  and  peculiar  manner.  Around 
the  periphery  they  form  encircling  rows  which  extend  for  one-third  or, 
in  rare  instances,  one-half  of  the  circumference  (Plate  XXVII, 
Fig.  4).  The  arrangement  in  rows  is  more  perfect  in  some  nodes 
than  in  others,  but  when  serial  sections  are  examined  it  is  found  to 
occur  at  some  point  and  to  some  degree  in  every  node.  Frequently 
these  rows  are  double;  or  three  or  four  rows  form  a  band,  which, 
extending  around  the  node  for  some  distance,  breaks  up  to  anastomose 
with  similar  bands  or  single  rows.  Between  these  rows  and  bands  are 
cleft-like  spaces  (Plate  XXVII,  Fig.  4)  which  are  more  marked  in 
some  preparations  than  in  others,  and  in  some  are  imdoubtedly  to  be 
ascribed  to  shrinkage.  The  rows  are  most  perfect  at  the  periphery, 
so  that  the  edge  of  the  node  is  usually  Avell  defined.  This  is,  however, 
not  invariably  the  ease,  for  some  nodes  fuse  gradually  with  the  inter- 
nodal  tissue,  while  short  tangential  rows  shoot  out  into  the  surrounding 
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tissue,  obscuring  the  distinctness  of  the  margin.  The  cells  themselves 
which  form  these  rows  are  small,  4  to  5  «  in  diameter,  with  a  nucleus 
which  occupies  almost  the  entire  cell,  leaving  only  a  narrow  margin 
of  cvtoplasm  (Plate  XXYII,  Fig.  6).  The  nuclei  are  round,  with  a 
deeply  staining  nuclear  membrane.  The  chromatin  frequently  forms 
an  irregular  lining  for  the  nuclear  membrane  and  usually  two  or  three 
centrally  located  large  granules. 

The  reticulum  supporting  these  cells  is  very  scanty  in  the  outer 
zones  of  the  node.  Here  it  forms  delicate  strands  which  extend  be- 
tween and  parallel  to  the  rows.  Toward  the  centre  it  is  more  dense 
and  forms  heavier  bands.  It  is  always  greater  in  amount  and,  in 
carefully  pencilled  preparations,  is  found  to  produce  a  finer  meshed 
network  around  the  blood-vessels. 

Blood-vessels  can  be  found  in  every  node  by  the  study  of  serial 
sections,  and  there  are  generally  one  or  two  in  the  majority  of  the 
sections  from  any  one  node.  The  vessel  enters  obliquely  and  fre- 
quently divides  after  its  entrance.  Li  such  cases  its  further  course 
is  not  easily  followed.  These  vessels  are  evidently  arterioles;  they 
possess  thick  hyaline  walls.  In  case  the  blood-vessel  is  cut  directly 
across,  the  row  formation  is  very  perfect;  row  after  row  or  layer  upon 
layer  surround  the  vessel  throughout  the  entire  nodule.  When  the 
vessel  is  cut  obliquely  the  row  arrangement  is  more  regular  at  the 
periphery,  the  remainder  of  the  node  consisting  of  the  same  small 
darkly  staining  cells  grouped  in  a  dense  mass  and  devoid  of  any 
formation  of  rows.  Tigure  3  of  Plate  XXVI  shows  the  rows  of 
lymphoblasts  about  one  of  the  lai-ger  internodal  blood-vessels. 

Each  node  is  found  to  possess  at  some  point  a  group  of  cells  which 
afford  a  marked  contrast  to  those  just  considered.  This  group  is  gen- 
erally central  in  its  location  but  in  some  sections  is  nearer  to  one  pole 
of  the  node  (Plate  XXVI,  Fig.  2,  and  Plate  XXVII,  Fig.  4).  The 
cells  forniing  these  groups  are  large,  S  to  10/^  in  their  long  diameter, 
and  like  the  others  consist  mainly  of  nuclei.  But  these  nuclei  are 
oblong  and  irregular  or  notched  and  stain  faintly  with  the  exception 
of  the  nuclear  membrane.  In  examining  successive  sections  one 
reaches  the  conclusion  that  these  groups  of  pale  cells  occur  at  or  near 
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the  point  wliorc  tlio  artoriolo  l)reaks  np  to  form  capillaries,  and, 
fnrtlior,  that  the  in(li^  idnal  cells  resemWe  in  size,  shape  and  staining 
those  which  line  the  blood-vessels.  The  division  into  capillaries 
results  ill  a  denser  reticulum  which,  with  the  large  faintly  staining 
cells,  forms  an  area  diflf(>ring  very  much  from  the  densely  packed, 
darkly  stained  cells  which  surround  it.  When,  as  exceptionally  is  the 
case,  a  rather  large  arteriole  passes  into  a  node  and  immediately 
divides  into  a  number  of  small  branches,  the  resulting  pale  centre  is 
quite  large. 

Thus  it  is  seen  that  the  light  areas  resembling  the  Malpighian  cor- 
puscles of  the  spleen,  observed  when  the  tumor  w^as  first  cut,  are 
lymph  nodes  which  are  remarkable  for  their  extraordinary  size  and 
the  extreme  regularity  in  the  arrangement  of  the  cells  forming  them ; 
also  that  these  nodes  are  formed  around  blood-vessels  or  at  points 
where  the  blood-vessels  divide  to  form  capillaries. 

The  internodal  tissue  is  loose  and  shows  considerable  stroma,  which 
supports  small  cells  similar  to  the  darkly  staining  cells  of  the  nodes. 
There  is  no  particular  arrangement  of  these  except  that  they  are  more 
numerous  at  the  edges  of  the  spaces  formed  by  the  reticulum,  the 
centres  of  such  spaces  being  empty.  The  reticulum  of  this  internodal 
tissue,  stained  by  Van  Gieson's  stain  (Plate  XXVII,  Fig.  5),  picro- 
nigrosin  or  the  iron-hsematoxylin  method  and  in  carefully  pencilled 
sections,  shows  no  nuclei  which  can  be  positively  said  to  be  a  part  of 
the  stroma  in  spite  of  the  fact  that  the  nuclei  of  the  cells  lining  the 
spaces  often  appear  as  though  they  belong  to  the  reticulum,  as  though 
in  fact  the  reticulum  were  connected  with  cells.  The  blood-vessels  in 
the  internodal  tissue  are  larger  than  any  found  within  the  nodes.  The 
arteries  possess  thick  hyaline  walls  with  two,  three  or  more  elastic 
sheaths  and  occasional  isolated  elastic  fibres  (Plate  XXVII,  Pig.  7). 
The  thickening  in  the  walls  of  the  arteries  and  arterioles  has  affected 
only  the  tunica  media.  As  the  vessel  becomes  smaller  its  wall  be- 
comes more  and  more  homogeneous  and  hyaline  in  character,  until 
finally  no  nuclei  can  be  seen  in  its  middle  coat.  The  veins  are  easily 
recognized  by  their  thin  walls;  they  show  no  changes.  Blood  is  quite 
generally  absent  from  the  vessels,  a  small  amount  occurring  in  the 
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largest.  Tliere  are  no  heavy  bands  of  stroma  wliich  extend  in  from 
the  capsule.  The  capsule  itself  is  thin,  largely  fibrous,  with  few 
nuclei. 

The  similarity  of  the  nodes,  which  form  the  greater  and  more 
interesting  part  of  this  tumor,  to  the  "  secondary  nodules  "  of  lymphoid 
tissue  described  by  His,  Flemming  and  others  is  very  apparent. 

Hoyer  (12),  in  describing  the  cells  in  lymph  glands,  referring  to  the 
pale  centres  of  the  germinal  areas,  speaks  of  "  the  cells  described  by 
Flemming  with  large  nuclei  which  give  the  centres  of  the  germinal 
areas  their  pale  color." 

Hoehl  (13),  in  a  good  description  of  the  reticulum  of  lymph  glands, 
states  that  the  connective  tissue  surrounding  the  germinal  areas  is 
arranged  in  a  tangential  direction  as  regards  the  periphery  of  the 
nodes,  and  Flemming  (14)  says  that  in  the  germinal  areas  it  must  be 
that  there  is  a  form  of  slow  centrifugal  pressure  whereby  the  younger 
cells  are  pressed  toward  the  periphery  and  driven  out  through  the 
spaces  of  the  reticulum.  It  can  be  seen  from  these  citations  and  from 
the  structure  of  the  tumor  that  cells  were  produced  in  these  pale 
centres  and  pressed  toward  the  periphery,  but  lacking  a  normal  exit 
through  lymph  sinuses  into  the  circulating  blood  were  accumulated 
in  the  growth  and  produced  not  only  a  remarkable  formation  of  rows 
around  such  germinal  centres,  but  also  extremely  large  nodes.  Con- 
cerning the  formation  of  lymph  nodes  about  blood-vessels,  Flemming 
(15)  finds  that  "  the  view  that  the  arrangement  of  the  lymph  node 
about  the  blood-vessel  originates  in  the  germinal  area,  is  perfectly 
acceptable."  Also  Ribbert  (16)  has  noted  that  lymphomata  occur  on 
blood-vessels  without  any  increase  in  the  number  of  leucocytes  in  the 
blood. 

Hansemann  (17),  in  a  consideration  of  the  tumors  which  may  de- 
velop from  lymph  glands,  specifies  three  varieties  of  cells  from  which 
they  may  originate,  viz. :  the  lymphocytes  which  form  the  parenchyma 
proper,  the  endothelial  cells  and  the  cells  which  form  the  framework 
(Gitterzellen).  The  existence  of  the  last  is  positively  denied  by 
Hoehl  (18),  who  says  "  the  reticulum  is  entirely  devoid  of  nuclei." 

Senn  (19)  tells  us  that  in  true  lymphoma  "  the  follicular  structure 
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(ikmIcs)  is  well  preserved,"  and  that  ''  the  lymphoblasts  produce  lymph 
corpuscles  which  are  not  transfonned  into  leucocytes  but  remain  in 
the  reticulum  of  the  tumor  as  the  essential  cell  elements." 

It  is  well  to  note  the  resmblance  in  structure  of  the  nodes  in  this 
tumor  to  the  corpuscles  of  the  spleen,  for  Albrecht  ("20)  has  reported 
a  ease  in  which  numerous  dislocated  spleens  were  scattered  over  the 
peritoneal  surfaces.  Their  number  was  estimated  at  about  four  hun- 
dred, and  they  varied  in  size  from  those  which  were  strictly  micro- 
scopic to  some  the  size  of  a  walnut.  The  greater  number  were  found 
in  the  upper  left  quadrant  of  the  abdominal  cavity  and  on  the  pos- 
terior surface  of  the  greater  omentum.  But  they  were  found  also  in 
Douglas's  pouch  and  on  the  upper  one-third  of  the  rectum.  Eight 
were  examined  microscopically  and  found  to  resemble  splenic  tissue 
in  every  respect.  They  contained  large  quantities  of  blood  and  blood 
piginent,  and  in  one  of  the  larger  examples  typical  splenic  follicles 
were  found  about  the  blood-vessels. 

The  absence  of  blood  pigment,  as  well  as  the  scanty  amount  of 
blood  and  the  lack  of  coarse  trabeculse  would,  in  themselves,  be  suf- 
ficient to  prevent  a  conclusion  that  the  above-described  growth  repre- 
sents or  has  sprung  from  displaced  splenic  tissue.  The  pale  germinal 
areas  present  in  the  nodes  of  the  lymphoma  and  absent  from  splenic 
follicles  afford  another  stiiMng  difference.  Albrecht  also  found 
accumulations  of  round  cells  about  the  masses  of  blood  pigment, 
whereas  the  absence  of  any  of  the  histological  features  of  inflammation 
in  this  growth  constitutes  one  of  the  main  reasons  for  concluding  that 
it  is  a  true  lymphoma. 

Freund  (21)  has  called  attention  to  the  resemblance  between  the 
accumulations  of  cells  around  the  blood-vessels  in  periarteritis  nodosa 
and  lymphomata  as  follows:  "  Indeed  one  sees  not  seldom  circum- 
scribed areas  of  cells  in  the  adventitia  which  have  sonLe  similarity  to 
lymphomata."  In  periarteritis  nodosa,  however,  many  vessels  of  the 
body  and  in  different  sites  are  the  seat  of  such  accumulations.  The 
clinical  picture  is  often  that  of  a  toxic  neuritis  or  a  toxic  myositis  and 
not  only  is  the  process  in  and  around  the  vessel  wall  histologically  an 
inflammatory  one,  but  there  are  also  changes  in  the  organs  due  to 
obstruction  of  the  vessels. 
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In  concluding,  this  tumor  seems  to  form  a  veritable  confirmation 
of  the  words  of  Lancereaux  (22),  who  in  1875  wrote:  "It  is  indeed 
probable  that  this  lymphoid  tissue  gives  birth  to  young  cells,  and  one 
can  see  how,  under  the  influence  of  a  mild  irritant,  the  production 
of  these  cells  becomes  more  abundant;  the  elements  of  the  network 
multiplying  at  the  same  time,  it  results  that  tumors  occur  which  have 
for  their  common  characteristics  a  reticulated  network  in  which  the 
lymphoid  elements  are  accumulated  more  or  less  abundantly.  Such 
tumors  or  lymphatic  growths  are  designated  by  the  name — ^lymphoma." 

DESCRIPTION    OF    PLATES    XXVI    AND    XXVII. 

Plate  XXVI. 

Fig.  1.  Photograph  of  lymphoma  (exact  size).  The  tumor  has  been  cut 
open  and  from  the  right  half  portions  have  been  removed  for  examination. 

Fig.  2.  Photograph  of  section  showing  lymph-nodes  and  internodal  tissue. 
Low  power. 

Fig.  3.  Formation  of  lymphoblasts  about  one  of  the  larger  internodal 
blood-vessels. 

Plate  XXVII. 

Fig.  4.     Photograph  of  centre  of  a  node  showing  the  pale  germinal  area. 

Fig.  5.  Keticiilum  of  the  internodal  tissue.  Pencilled  section;  Van  Gieson's 
stain. 

Fig.  6.     Cells  of  the  rows  of  lymphoid  tissue. 

Fig.  7.  Cross-section  of  one  of  the  larger  internodal  vessels  showing  the 
elastic  sheaths.     Orcein  stain. 
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015SERVATI0KS  CONCERNING  LEUK^EMIC  LESIONS  OF 

THE  SKIN. 

By  HORST  OERTEL. 

(From  the  PatJiological  Lahoratory  of  the  University  and  BeUevuc  Hoxinlal 

Medical  College.) 

Some  time  ago  I  published  in  the  Yale  Medical  Journal*  a  pre- 
liminary report  of  a  case  of  leukoemia  cutis.  I  present  now  a  more 
extensive  study  of  this  case.  For  the  sake  of  convenience  much  of  the 
matter  of  the  previous  article  will  be  included  here. 

The  rarity  of  leukaemic  cutaneous  ajffections  may  be  infeiTed  from 
the  fact  that  a  number  of  text-books  on  medicine  and  even  on  derma- 
tology either  do  not  speak  of  this  condition  at  all,  or  simply  mention 
it  in  a  general  way.  In  Unna's  bookf  on  the  pathology  of  skin  dis- 
eases there  may  be  found  a  critical  summary  of  9  cases,  and  while  per- 
haps a  few  may  have  escaped  detection,  probably  scarcely  more  than  a 
dozen  cases  are  on  record.  Kaposi's  case  (1885)  is  the  most  frequently 
cited,  and  has  directed  especial  attention  to  these  lesions;  the  first 
observation,  however,  goes  back  to  Biesiadecki's  report  in  1876,  whose 
article  is  often  quoted  also  with  reference  to  the  theory  of  leukaemia. 
The  leuksemic  affections  of  the  skin  which  have  hitherto  been  observed 
may  be  grouped  into  three  classes.:}: 

The  first  class  is  represented  by  cases  in  which  there  are  circum- 
scribed, multiple,  pinhead  to  hazelnut-sized,  rapidly  growing,  pale  or 
faintly  red  to  brownish-colored  tumors,  irregularly  distributed  over 
the  body,  with  little  tendency  to  retrograde  metamorphosis  or  ulcera- 
tion. To  this  group  belong  the  cases  of  Biesiadecki,  Hochsinger  and 
Schiff,  Oliver,  and  Philippert.     Hochsinger  and  Schiff  found  in  their 

*  January,  1899. 

t  Unna,  Die  Histopathologie  der  Hautkrankheiten.    Berlin,   1894. 
t  In  this  classification  I  depend  upon  Unna's  presentation  of  the  subject. 
I  therefore  omit  the  bibliography  contained  in  his  book,  op.  cit.,  p.  619. 
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case  cellular  infiltrations,  situated  especially  between  cutis  and 
hypoderm,  whicli  liad  changed  the  superficial  fat  layers  to  lymphoid 
tissue,  and  closely  surrounded  the  glands.  The  infiltration  started 
from  the  capillaries  of  the  coiled  tubes  and  the  superficial  fat  layers, 
and  consisted  of  lymphoid  cells  without  spindle  or  giant  cells.  The 
upper  part  of  the  cutis  and  the  papillary  portion  were  almost  free  from 
infiltration  except  where,  by  constriction  from  above,  the  cutis  would 
meet  the  infiltration.  The  nodule  did  not  contain  any  blood-vessels; 
at  the  periphery  these  were  dilated,  being  distended  with  blood.  The 
coiled  tubes  were  well  preserved  within  the  nodule.  In  Oliver's  case 
there  were  60  subcutaneous  nodules  presenting  the  structure  of  a 
round-celled  sarcoma.  Philippert  observed  subcutaneous,  brownish- 
colored,  smooth  tumors  on  the  face  and  head,  appearing  later  in  the 
nasal  and  pharyngeal  mucous  membranes.  They  possessed  an  adenoid 
structure.  In  a  case  of  acute  leukaemia  described  by  Seelig,*  the 
skin  behind  the  ears  and  in  different  situations  over  the  thorax  and 
abdomen  showed,  three  days  before  death,  small,  freely  movable 
nodules,  and  small  haemorrhages.  Microscopically  the  nodules  were 
composed  of  lymphoid  tissue,  embedded  in  the  subcutaneous  fat,  and 
containing  small  lymphocytes  and  larger  uninuclear  cells,  the  whole 
surrounded  by  a  delicate  connective  tissue  capsule. 

The  second  class  is  characterized  by  a  few,  solitary,  brown,  mark- 
edly elevated,  lobulated,  firm,  slowly  growing,  and  persistent  nodules. 
It  is  illustrated  by  Xeuberger's  case,  according  to  whom  the  condition 
consists  of  a  small  lymphoid-celled  infiltration  into  the  cutis,  especially 
around  the  follicles,  by  which  the  deeper  layer  of  the  epidermis  is 
compressed,  although  it  is  still  separated  from  the  infiltration  in  the 
lower  part  of  the  cutis  by  a  small,  narrow,  non-infiltrated  zone  of  con- 
nective tissue.  The  surroundings  of  the  coiled  tubes,  the  hypoderm, 
and  the  muscular  tissue  of  the  cheeks  were  also  infiltrated.  Xeu- 
berger  regards  the  coiled  tubes,  which  themselves  remain  intact,  as 
the  starting  point.  Around  them  the  lymphomatous  formation  ap- 
peared more  distinct  than  in  the  upper  parts  of  the  cutis. 

The  third  class,  finally,  is  represented  by  cases  of  which  that  of 

*  Deutsches  Arch.  f.  Min.  Med.,  1895,  liv,  537. 
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Kaposi  may  serve  as  a  type.  It  is  a  dilTnse  i'orni,  showing  on  the  one 
band  a  diffuse,  moist,  eczematous  appearance,  especially  of  the  head, 
extremities  and  chest,  and  on  the  other  hand  tuniors  the  size  of  a  pea 
to  a  pigeon's  egg,  which  ulcerate  spontaneously,  leaving  a  large,  Hat, 
red  ulcer.  An  oedematous  condition  of  the  skin  is  present.  Sections 
in  Kaposi's  case  showed  a  marked  oedema  of  the  hypoderm,  which 
could  be  distinctly  differentiated  from  the  healthy  yellow  adipose 
tissue.  The  interstitial  tissue  between  the  fat  lobules  had  sclerosed 
and  traversed  the  oedematous  masses  in  the  form  of  thick  white  septa. 
The  oedematous  could  not  be  distinctly  separated  from  the  healthy 
parts  surrounding  them.  The  cutis  above  the  nodule  was  oedematous, 
or  reddened  and  ulcerated,  or  confluent  with  the  nodule  and  of  an 
amyloid  appearance.  Microscopically  these  tumors  consisted  of  a 
non-vascular,  fine  stroma,  with  dense  leucocytic  infiltrations,  most 
prominent  in  the  region  of  the  coiled  tubes.  The  hair  follicles  were 
unchanged.  The  rete  Malpighii  showed  partly  a  proliferation,  partly 
a  rarefaction,  produced  by  the  approaching  infiltration.  Galliard's 
earlier  observed  case  is  very  similar.  He  found  a 'reticulated  forma- 
tion, pronounced  around  the  sweat  and  sebaceous  glands,  and  between 
the  fat  lobules.  In  the  more  recent  nodules  the  superficial  layers 
were  relatively  undisturbed.  In  Leber's,  and  Chavel's  cases  the 
eyelids  especially  were  the  seat  of  a  diffuse  infiltration.  Here  also  the 
microscopic  examination  revealed  small  cells  in  a  fine  reticulated 
stroma. 

In  a  patient  suffering  from  lympho-lienal  leukaemia,  exhibited  by 
Litten*  to  the  Berliner  medicinische  Gesellschaft,  the  upper  eyelids 
presented  a  swollen  appearance  suggestive  of  oedema,  but  which  closer 
examination  showed  to  be  due  to  small  lymphatic  tumors,  over  which 
the  skin  was  freely  movable.  K^o  microscopical  examination  was 
reported.  In  the  discussion  Kobner  commented  upon  the  extreme 
rarity  of  leuksemic  affections  of  the  skin  and  remarked  that  lympho- 
mata,  which  may  cause  a  similar  condition,  extend,  in  contrast  wdth 
leuksemic  tumors,  into  the  subconjunctival  tissue. 

Kelsch  and  Vaillai-d'sf  case  of  multiple,  metastasizing,  malignant 

*  Deutsche  med.  Wochenschr.,  1897,  Vereins-Beil.,  i,  p.  3. 
t  Ann.  d.  Vlnst.  Pasteur,  1890,  iv,  276. 
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lymphomata,  appearing  in  the  skin  near  the  eyes,  and  also  in  the 
thyroid,  abdomen  and  bones,  although  interpreted  by  them  as  leu- 
ksemic,  was  not,  as  pointed  ont  by  Schmorl,*  demonstrated  to  be  an 
instance  of  leukaemia,  and  probably  does  not  belong  to  the  class  of 
affections  now  imder  consideration. 

From  the  foregoing  it  appears  that  the  lenkaBinic  dermatoses  have  in. 
common  a  small-cellular  circumscribed  or  diffuse  infiltration,  which 
originates  in  the  deeper  layers  of  the  skin  and  extends  upward. 
-  Little  attention,  however,  has  been  given  to  the  more  detailed  study 
of  the  characters  of  the  cells  making  up  this  infiltration.  While  the 
formation  is  regarded  by  most  observers  as  a  lymphoma,  this  idea  is 
apparently  based  more  upon  the  general  characters  of  the  case  than 
upon  any  definite  investigation  of  the  tumor.  The  term  "  small-celled 
infiltration  "  is  an  exceedingly  indefinite  and  wide  one,  applying  to 
pathologically  entirely  different  conditions,  so  that,  whenever  it  is 
possible,  more  definite  and  precise  descriptions  should  be  given.  It 
is  for  this  reason  that  Unna  doubts  that  these  structures  really  repre- 
sent lymphomata.  He  is  inclined  to  regard  them  as  granulomata,. 
containing  plasma  cells,  especially  as  he  believes  that  they  present  in 
their  circumscribed  foci  the  characteristics  of  such  growths. 

The  nature  of  leukaemic  affections  of  the  skin  has  been  recently  dis- 
cussed with  much  fulness  by  Nekam,-|-  who  reports  a  typical  case,  but 
before  considering  his  views  it  will  be  well  to  state  the  opinions  held 
concerning  the  characters  of  the  secondary  leuktemic  nodules  which  are 
observed  with  much  greater  frequency  in  other  organs  of  the  body, 
especially  the  liver,  than  in  the  skin. 

Virchow:}:  regards  the  leukaemic  nodules,  which  may  appear  in  the 
liver,  kidneys  and  other  situations  nonnally  devoid  of  lymphatic 
tissue,  as  true  neoplasms.  He  points  out  that  the  new  formation  may 
appear  in  the  form  either  of  an  infiltration  or  of  definite  nodules  and 
says:  "  A  kind  of  new  lymph-glands  may  thus  be  developed  within  an 
organ  which  otherwise  contains  nothing  of  the  sort.   .  .   .  We  possess 

*  Centralb.  f.  ally.  Path.  u.  path.  Anat.,  1891,  ii,  118. 

t  Die  leukiini.  Erkrankungeii  der  Haiit.  MonatscUr.  f.  pnikt.  Deimatologie, 
Ergiinzungsheft,  1899,  ii. 

^  Die  krankhaften  Gesclnviilste,  ii,  p.  568  et  seq.     Bei'lin,  1SG5. 
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in  lcuka3iiiia  a  very  complete  picture  of  the  gradual  generalization  of 
an  originally  local  process,  in  which  we  can  trace  the  individual  steps 
more  definitely  than  in  any  other  kind  of  generalization." 

A  similar  interpretation  of  leuk;\imic  nodules  as  the  seat  of  active 
formation  of  new  cells  is  advanced  by  Bizzozero,*  who  differs  from 
Virchow,  however,  in  regarding  emigration  from  the  blood  as  the 
primary  source  of  the  leucocytes  in  these  secondary  nodules.  But 
Bizzozero  does  not  find  that  the  nodules  are  merely  passive  accumu- 
lations of  migrated  cells,  for  he  was  able  to  demonstrate  not  only  in 
the  hyperplastic  spleen,  lymphatic  glands  and  intestinal  follicles,  but 
also  in  the  secondary  nodules  in  the  liver  and  kidney,  abundant  karyo- 
kinetic  figures  within  the  lymphoid  cells.  This  abundance  of  nuclear 
figures  is,  according  to  Bizzozero,  one  of  the  marks  distinguishing 
these  leuksemic  nodules  from  the  accumulation  of  leucocytes  in  sup- 
purative foci. 

Similar  observations  as  to  the  occurrence  of  cell  proliferation  in 
leukaemic  nodules  in  internal  organs  have  been  made  by  M.  B. 
Schmidtf  and  by  Hindenburg,:j:  both  of  whom  note  the  presence  of 
indirect  cell  division  also  in  the  capillary  endothelium,  particularly  in 
the  liver.  These  writers,  therefore,  agree  with  Virchow's  conception 
as  modified  by  Bizzozero. 

In  contrast  to  the  preceding  views  is  that  held  by  Eindfleisch,§ 
Cornil  and  Eanvierj!  and  Lowit,^  who  regard  the  secondary  leukaemic 
nodules  and  infiltrations  as  merely  passive  accumulations  of  leucocytes 
derived  by  migration  from  the  blood.  Ziegler**  attributes  the 
nodules  to  migration  of  cells  from  the  blood  followed  by  local  pro- 
liferation of  cells  in  the  foci.  Klebs-ff  places  leuksemic  nodules  under 
the  head  of  his  leukocytomata  and  allies  them  with  tubercle,  leproma 
and  other  infectious  granulomata. 

*  Virchow's  Archiv,  1885,  xcix,  378. 

t  Ziegler's  Beitrdge,  1892,  xi,  p.  228  et  seq. 

J  DeutscJies  Arch.  f.  klin.  Med.,  1895,  liv,  209. 

§  Lehrb.  d.  path.  Gewebelehre.  Leipzig,  1886,  p.  497. 

]|  Manuel  d'histologie  pathologique,  i,  p.  296.     Paris,  1881. 

^  Situngsh.  d.  fr.  Akad.  d.  WissenscJi.  (Wien),  1886,  xcii. 

**  Lehrb.  d.  spec.  path.  Anat.,  p.  9.  Jena,  1S98. 

tt  Allgem.  Pathologic,  ii.  p.  597.  Jena,  1889. 
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The  most  precise  statements  hitherto  recorded  concerning  the  com- 
position of  leiiksemic  cutaneous  nodules  are  to  be  found  in  ISTekam's* 
recent  discussion  of  the  subject.  A  critical  review  of  the  records 
has  convinced  him  that  a  number  of  cases  reported  as  examples  of 
leukaemia  cutis,  and  especially  the  diffuse  lesions  falling  under  the 
third  group  (lymphodermia  pemiciosa),  cannot  properly  be  regarded 
as  such  inasmuch  as  neither  the  clinical  nor  the  anatomical  characters 
of  leukaemia  or  of  the  tumors  were  indisputably  established.  He 
accepts  as  undoubted  examples  the  cases  of  only  Biesiadecki,  Hoch- 
singer  and  Schiff,  Keuberger,  and  himself,  in  all  of  which  there  were 
definite  nodules  the  size  of  a  pea  to  a  hazelnut  without  a  diffuse 
appearance.  Nekam  thus  describes  the  process:  "  The  condition 
starts  with  an  cedema  of  the  skin,  followed  by  a  diapedesis  of  all  the 
constituents  of  the  blood  along  the  course  of  the  larger  blood-vessels. 
This  infiltration  appears  rapidly  in  the  tissues  surrounding  the  vessels 
of  the  coiled  tubes,  the  superficial  fat  layers,  the  cutaneous  muscles, 
and  the  follicles,  and  extends  in  an  anatomical  direction,  but  in  a  some- 
what irregular  manner,  diffusely,  or  in  streaks,  or  in  lymphoid  masses. 
The  cells  are  chiefly  lymphocytes,  very  infrequently  plasma  cells. 
Mitoses,  giant  cells,  newly-formed  blood-vessels,  and  a  change  of  lym- 
phocytes into  plasma  cells  could  not  be  seen.  The  cells  in  the  centres 
of  the  nodules  persist  unchanged.  Now,  inasmuch  as  in  all  proba- 
bility the  process  of  emigration  of  cells  from  the  blood  is  a  continuous 
one,  whereas  the  growth  of  the  nodules  is  very  slow,  attaining,  even 
in  years,  only  small  dimensions,  it  follows  that  cells  must  disappear 
from  the  nodules.  In  support  of  this  view  is  the  fact  that  red  cor- 
puscles and  eosinophilic  cells  are  found  only  in  recent  nodules.  .  .  . 
The  red  corpuscles  are  removed  by  the  lymphatic  vessels.  Other  cells 
are  destroyed  in  the  subpapillary  layers  and  their  granular  frag- 
ments appear  in  the  rete  Malpighii  and  on  the  surface  of  the  skin. 
This  may  be  regarded  as  a  useful  elimination  of  leucocytes.  .  .  . 
These  observations  make  it  evident  that  leukaemic  tumors  of  the  skin 
must  be  regarded  as  infiltrations,  and  we  can,  therefore,  accept  as 
such  only  those  which  fulfil  the  following  conditions:    (1)  They  must 

*  Loc.  cit. 
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occur  duriuj;'  the  course  of  true  kukajiuia;  (2)  tlieir  ori^iji  must  be 
exclusively  a  diapedesis  of  cells  from  the  blood,  local  proliferation  of 
cells  being  absent;  (3)  a  part  oi  tlic  cells,  especially  the  red  corpuscles, 
are  returned  to  the  blood  by  way  of  the  lymph-cluinnels,  another  part, 
especially  the  leucocytes,  are  carried  off  thruu<i,li  the  epidermis,  or 
otherwise  discharged;  (4)  the  chief  bulk  of  the  cells  composing  the 
nodules  undergo  no  metamorphosis.  The  atrophy  of  the  normal  con- 
nective tissue  leads  to  the  formation  of  a  rarefied  network  in  which  the 
lymphoid  cells  lie  embedded,  and  this  adenoid  character  of  the  tissue 
persists  for  years.  The  infiltration  starts  around  the  deeper  vessels 
and  extends  rapidly  upwards  into  the  papillary  layer."  * 

For  the  study  of  the  case  which  I  here  report  I  was  not  able  to  make 
any  prolonged  observations  during  the  life  of  the  patient  and  I  encoun- 
tered difficulties  in  obtaining  sufficient  material  for  as  thorough  his- 
tological investigation  as  I  desired. 

History. — The  patient  was  a  man  of  about  40  years,  unmarried,  who 
had  been  in  fairly  good  health  until  about  two  years  before,  when  he  was 
first  taken  ill  with  "  various  digestive  disturbances  and  malaria."  The 
attending  physician,  who  treated  him  from  that  time  on  until  his  death, 
states  that  at  that  time  he  had  an  irregular  intermittent  fever  and  an 
enlarged  spleen,  which  he  regarded  as  an  amyloid  (?)  spleen  consequent 
to  malaria.  This  "  malaria,"  which  finally  subsided,  was  characterized 
by  a  stubborn  resistance  to  quinine,  and  arsenic  was,  therefore,  given  in 
addition.  The  patient,  however,  recovered  sufficiently  to  attend  to  his 
duties  as  a  clerk.  His  appetite  was  of  the  best,  and  indeed  continued  so 
until  two  days  before  death,  when  violent  vomiting  set  in.  Several 
months  (how  many  cannot  now  be  determined)  before  this  occurred,  his 
trouble  became  aggravated;  the  spleen  enlarged  still  more,  the  patient 
emaciated,  had  irregular  fever,  and  "  a  long,  hard,  inflammator}-  tumor 
appeared  in  the  region  of  the  right  rectus  abdominis."  This  was  diag- 
nosed as  a  myositis  and  treated  with  ichthyol,  under  which  treatment  it 
disappeared.  Up  to  this  time  the  diagnosis  had  been  malaria;  no  blood 
examination,  however,  had  been  made.     A  few  weeks  later  the  attending 

*  It  may  here  be  stated  that  various  affections  described,  particularly  by 
French  writers,  under  the  designation  of  cutaneous  lymphadenia  or  lymph- 
adenoma,  and  including  manifestly  diverse  affections,  are  not  considered  in 
this  article  and,  at  least  for  the  most  part,  have  nothing  to  do  with  true 
leukaemia. 
39 
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physician  noticed  that  "'  there  appeared  on  the  skin  small  nodules,  irregu- 
larly distributed  over  the  body."  They  seem  to  have  been  observed  first 
on  the  chest  and  arms,  then  on  other  parts  of  the  body.  (See  protocol  of 
autopsy  below.)  Details  about  their  clinical  appearance,  and  how  rap- 
idly they  grew  I  was  unable  to  obtain.  Their  appearance  at  once  led  to 
a  diagnosis  of  multiple  sarcoma  of  the  skin.  It  was  subsequently  decided 
to  send  the  patient  to  New  York  to  a  noted  specialist  for  treatment  with 
streptococcus  serum,  but  he  was  sent  back  as  a  case  no  longer  suitable  for 
this  treatment.  The  patient  was  then  referred  to  me.  I  suggested  a 
blood  examination  as  imperative,  and  a  blood  slide  was  brought  to  the 
laboratory.  The  picture  Avhich  it  showed  agreed  well  with  the  clinical 
history.  The  enormous  increase  and  the  special  characters  of  the  white 
blood  corpuscles  were  at  once  evident.  This  unstained  specimen  showed, 
besides  polynuclear  cells,  many  large  mononuclear  cells  of  the  type  of 
m3^eloc)d;es,  and  a  marked  increase  of  eosinophilic  cells.  A  second  speci- 
men for  staining  was  requested,  but  was  never  obtained,  and  no  oppor- 
tunity was  afforded  for  making  an  accurate  blood  count. 

Nothing  more  of  the  case  was  heard  until  a  few  weeks  later,  when  I  was 
asked  to  make  the  post-mortem  examination.  Unfortunately  the  report 
of  this  must  be  nearly  as  meagre  as  the  preceding  history,  as  the  autopsy 
had  to  be  made  in  the  parlor  of  the  house,  without  any  accommodations, 
and  the  bad  local  custom  of  injecting  a  foul-smelling  liquid  into  the 
abdomen  had  been  promptly  followed.  Since  I  was  allowed  to  open  only 
the  abdominal  cavity,  the  heart  and  lungs  had  to  be  extirpated  from 
below.  The  removal  of  any  organ  was  at  first  prohibited,  but  finally  I 
obtained  permission  to  take  the  spleen,  a  small  piece  of  the  liver,  and 
two  of  the  cutaneous  nodules  from  the  left  thigh. 

Protocol  of  autopsy  (abstracted). — Body  of  a  man  apparently  between 
35  and  40  years  old;  about  160  cm.  tall;  extremely  emaciated,  no  panni- 
culus  adiposus;  muscles  atrophied.  No  rigor  mortis.  Skin  pale.  Face 
shows  extreme  emaciation;  cheek  bones  very  prominent,  lips  pale  and 
delicate.  Scattered  irregularly  over  the  body  as  far  up  as  the  neck, 
numerous  on  arms  and  chest,  but  most  marked  on  the  thighs,  are  small, 
round,  pale,  hard  nodules,  varying  from  one  to  two  centimetres  in  diam- 
eter, some  elevated,  all  freely  movable  over  the  subcutaneous  tissue.  On 
incision  they  show  a  yellowish-white  surface.  Chest  small,  abdomen 
distended. 

On  opening  the  abdominal  cavity  a  large  amount  of  embalming  fluid 
escapes.  Small  and  large  intestines  distended;  serosa  pale,  opaque,  with 
injected  vessels  in  a  few  places.     The  large  omentum  is  very  thin  and 
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lias  ever} where  formed  Ihiek,  linu.  Iil»inus  adhesions*  wiili  ihe  intestine 
and  rest  of  the  peritoneum. 

Quite  evident  at  once  is  tlie  enormous  spleen,  which  fills  the  entire 
left  side  of  the  abdomen,  extending  8  to  10  cm.  below  the  umbilicus  and 
to  the  middle  line.  It  is  bound  by  very  strong  adhesions  to  the  liver  and 
diaphragm,  pushing  the  heart  upwards.  On  being  removed,  it  proves 
to  be  30  cm.  long,  17  cm.  broad,  6  cm.  thick;  its  weight  is  3.0  kg.  It  is 
of  a  dark  bluish  color  and  dense  consistence.  The  capsule  is  very  much 
thickened.  On  incision  it  shows  a  dark  red  surface;  in  several  places  are 
yellowdsh  spots,  the  size  of  a  pin's  head;  at  the  periphery  are  a  few  yel- 
lowish, wedge-shaped  areas,  the  bases  of  which  are  about  one  centimetre 
broad.  With  the  tissues  around  the  spleen  an  accessory  spleen  of  the 
shape,  size,  and  color  of  a  plum  is  removed. 

The  left  kidney,  with  a  fairly  extensive  fat  capsule,  is  larger  than  nor- 
mal and  firm;  capsule  adherent;  surface  smooth,  white,  with  bluish-red 
and  yellow  spots.  Cortex  broad,  pale,  dotted  with  spots  of  the  same 
character.     Pyramids  reddened.     Eight  kidney:  same  condition. 

Liver  larger  than  normal;  firm;  of  pale  yellow-browmish  surface;  on 
section  pale  yellow^;  acini  distinct. 

Heart  the  size  of  the  man's  fist;  right  side  moderately  covered  with  fat; 
walls  normal  in  thickness,  wdth  dark  brownish  areas;  valves  normal. 

Lungs:  in  upper  portion  of  a  dark  red  color;  the  lower  portion  pre- 
sents a  grayish  appearance;  emphysematous;  the  tissue  has  a  crepitant 
feel,  but  is  soft;  on  section  a  large  amount  of  a  clear,  frothy  liquid  escapes. 

Anatomical  diagnosis:  Leukaemia;  great  enlargement  of  spleen;  old 
splenic  infarcts;  chronic  parenchymatous  and  haemorrhagic  nephritis; 
fatty  liver;  chronic  adhesive  peritonitis;  pulmonary  emphysema  and 
oedema;  brown  atrophy  of  the  heart;  circumscribed  cutaneous  nodules. 

The  two  cutaneous  nodules  removed  at  autopsy  were  fixed  in  ten 
per  cent  formalin  solution,  which  proved  very  successful,  hardened  in 
alcohol,  and  embedded,  in  parafian.  For  a  preliminary  study  specimens 
were  stained  in  the  common  way  with  hsematoxylin  and  eosin,  later 
after  Biondi-Heidenhain  and  with  methylene-blue  according  to  Unna. 

The  epidermis  and  the  upper  part  of  the  cutis  showed  no  definite 
changes.     The  lower  part  of  the  cutis,  however,  was  the  seat  of  a 

*  The  "  hard  long  inflammatory  tumor  in  the  region  of  the  rectus  abdo- 
minis," diagnosed  as  mjositis,  was  undoubtedly  one  of  these  strings  of 
thickened  peritoneum.  I  was  told  that  shorth'  before  death  several  of  these 
masses  could  be  felt  and  were  then  regarded  as  sarcomatous  metastases. 
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dense  and  diffnse  so-called  small-celled  infiltration.  This  infiltration 
extended  upward,  penetrating  the  fibres  of  the  cutis,  either  replacing 
them  entirely  or  separating  them  into  bundles.  Only  a  very  fine  reti- 
culum of  connective-tissue  fibrils  remained,  which  contained  greater  or 
smaller  groups  of  cells.  In  this  way  some  parts  of  the  superficial  fat 
layers  were  entirely  replaced  by  this  infiltration,  while  others  were 
left  relatively  undisturbed.  Connective-tissue  sclerosis,  newly-formed 
blood-vessels,  giant  cells  and  necrotic  areas  or  other  regressive  meta- 
morphoses of  cells  were  absent.  The  glands  were  embedded  in  the 
cellular  masses;  they  did  not  show  a  direct  relation  to  the  process.  In 
the  further  examination  of  a  greater  number  of  sections,  especially 
of  one  of  the  nodules,  which  apparently  was  more  recent,  several 
stages  of  the  process  could  be  demonstrated. 

The  earliest  changes  were  represented  by  small,  circumscribed  focal 
accumulations  of  cells  situated  in  the  lower  part  of  the  cutis.  These 
foci  were  distinct  even  to  the  naked  eye,  in  the  microscopic  sections, 
as  whitish,  tubercle-like  formations.  As  the  process  progressed,  these 
small  nodules  became  confluent  and  the  appearance  then  was  that  of  a 
diffuse  infiltration.  This  was  particularly  well  seen  in  specimens 
stained  after  Biondi-Heidenhain. 

In  the  hsematoxylin-eosin  preparations  the  largest  number  of  cells 
possessed  irregular  nuclei,  lobulated  and  very  rich  in  chromatin, 
having  all  the  appearances  of  leucocytes.  Only  a  small  number  were 
characterized  by  fainter,  vesicular  nuclei,  with  distinct  nucleoli.  These 
latter  were  regarded  as  connective-tissue  nuclei. 

A  more  careful  study  of  the  cells  was  made  in  the  sections  stained 
after  Biondi-Heidenhain  and  with  Unna's  polychrome  methylene-blue. 
The  largest  part  of  the  infiltration  was  made  up  of  cells  presenting  the 
characters  of  lymphocytes.  Of  these  two  kinds  could  be  dis- 
tinguished: (1)  small  cells  with  narrow,  faintly  staining  cytoplasm  and 
deeply  staining  nucleus,  and  (2)  larger  cells  with  feebly  staining  cyto- 
plasm and  a  large,  sometimes  indented,  somewhat  irregularly  staining 
nucleus.  Besides  these  two  varieties  of  cells  (3)  poljoiuclear  leuco- 
cytes were  common  as  well  as  (4)  cells  with  bright  red  coarse  granu- 
lations  (a-granulation,    eosinophilic    cells).     The    large    number    of 
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eosinophilic  cells  deserves  especial  attention  in  the  light  of  Nekam's 
statement  that  they  are  found  only  in  recent  nodules.  In  this  patient 
the  cutaneous  lesion  did  not  appear  until  a  few  months  before  death, 
and  the  two  nodules  taken  from  the  thigh  for  examination  were 
apparently  of  recent  formation.  If  red  blood  corpuscles  escape  in  any 
large  amount,  they  must  certainly  be  removed  very  rapidly,  for  they 
were  not  at  all  conspicuous  in  my  specimens.  In  only  a  few  sections 
did  I  occasionally  see  a  large  cell  with  large  eccentric  nucleus  which 
answered  to  the  characters  of  plasma  cells.  But  these  cells  were  com- 
pressed and  their  view  obstructed  by  the  great  number  of  sur- 
rounding leucocytes.  Plasma  cells,  if  present  at  all,  were  certainly 
in  such  small  number  as  to  form  no  characteristic  part  of  the  cellular 
accumulations.  Mitoses  were  not  observed,  and  while  it  is  desirable 
to  examine  material  from  a  larger  number  of  cases  before  passing  a 
final  judgment  upon  their  occurrence  in  leuksemic  cutaneous  nodules, 
their  absence  in  both  Xckam's  and  my  cases  indicates  that  they  are  not 
constant  or  essential  features  of  these  nodules. 

In  view  of  Unna's  statements  concerning  the  nature  of  leuksemic 
nodules  in  the  skin,  the  absence  of  plasma  cells,  at  least  in  noticeable 
quantity,  is  of  interest.  It  may  be  recalled  that  Unna,  who  first  dis- 
tinguished these  cells,  believes  that  they  are  derived  from  connective- 
tissue  cells,  but  the  subsequent  studies  of  Marschalko,  Justi,  and  Coun- 
cilman'^ have  demonstrated  that  they  come  from  lymphocytes. 
Plasma  cells  are  found  especially  in  infectious  granulomata,  in  granu- 
lation tissue,  and  in  many  of  the  so-called  inflammatory'  round-celled 
and  lymplioid-celled  infiltrations  of  organs.  \\q  possess  no  informa- 
tion at  present  concerning  the  occurrence  of  plasma  cells  in  leu- 
ksemic nodules  in  the  liver  and  other  parenchymatous  organs.  Their 
absence  from  these  nodules  in  the  skin,  noted  in  Xekam's  and  my 
cases,  is  noteworthy,  in  view  of  the  predominance  of  lymphocytes  in 
these  lesions,  and,  taken  in  connection  with  the  absence  of  mitoses, 
speaks  against  the  occurrence  of  active  cellular  growth  and  multipli- 
cation in  any  considerable  degree  within  these  nodules.     As  already 

*  Journal  of  Experimental  Medicine,  1898,  iii,  393.     Consult   also  for  other 
references  and  a  full  consideration  of  these  cells. 
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indicated,  the  connective  tissue  is  the  seat  of  atrophy  at  the  site  of  the 
cellular  accumulations,  and  does  not  participate  by  proliferation  of  the 
fixed  cells  in  the  formation  of  the  nodules.  It  furnishes  a  kind  of 
reticulated  stroma  for  the  cells. 

The  histological  examination  of  the  leuksemic  cutaneous  nodules 
in  my  case,  therefore,  supports  the  view  of  those  who  regard  secondary 
leuksemic  nodules  as  essentially  composed  of  cells  derived  from  the 
blood.  I  am  not  inclined  to  lay  great  stress  upon  the  failure  to  find 
karyokinetic  figures  in  the  cells,  as  indicative  of  a  distinction  between 
these  nodules  in  the  skin  and  those  so  often  found  in  leuksemia  within 
parenchymatous  organs,  but  upon  this  point  further  observations  are 
needed.  Why  the  skin  should  be  such  an  uncommon  seat  of  secondary 
leuksemic  nodules,  thus  contrasting  with  the  liver  and  kidneys,  it 
would  be  at  present  useless  to  speculate. 

The  propriety  of  designating  these  nodules  as  lymphomata  cannot 
be  profitably  discussed  until  there  is  greater  agreement  of  opinion, 
than  at  present,  concerning  the  definition  of  what  shall  be  called 
"  lymphoma."  As  this  term  etymologically  suggests  an  actual  new 
growth  or  tumor,  its  application  to  such  nodules  as  those  described  in 
this  paper  seems  to  me  of  at  least  questionable  propriety,  as  it  is  clear 
that  these  nodules  are  not  genuine  neoplasms. 

I  desire  to  express  sincere  thanks  to  Professor  Dunham  of  the  Uni- 
versity and  Bellevue  Hospital  Medical  College  for  kind  assistance  in 
the  preparation  of  this  article  and  to  Professor  Welch  of  the  Johns 
Hopkins  University  for  helpful  suggestions. 


A  CASE  OF   ADDISON'S  DISEASE  WITH  SIMPLE 
ATROPHY  OF  THE  ADRENALS.* 

By  CARLIN  PHILIPS,  M.  D., 

Instructor  in  thk  Anatomy  of  the  Nervous  System,  Tub  New  York 
Post-Graduate  Medical  School. 

(From  the  Pathological  Institute  of  the  New  York  State  Hospitals  and  the  Carnegie 

Lahoratory,  New  York.) 

Plate  XXVIII. 

The  study  of  simple  atrophy  of  the  adrenal  bodies  in  Addison's 
disease  may  prove  of  considerable  importance  in  explaining  more  thor- 
oughly the  process  underlying  this  group  of  symptoms.  The  lesions 
in  simple  atrophy  of  the  adrenals  afford  a  much  better  opportunity  of 
investigating  the  gradual  death  of  the  parenchyma  than  the  gross 
destructive  changes  in  tuberculosis  of  the  glands,  most  commonly  asso- 
ciated with  the  disease.  The  histological  examination  of  the  compara- 
tively early  phases  of  the  atrophic  lesions  in  the  present  case  possesses 
considerable  interest,  for  the  subject  has  received  but  little  investi- 
gation. Very  few  cases  of  simple  atrophy  of  the  adrenals  in  Addi- 
son's disease  are  recorded,  and  of  these  hardly  a  single  one  has  been, 
given  thorough  histological  study. 

I  am  indebted  for  the  following  clinical  notes  to  Dr.  D.  H.  McAlpin, 
Jr.,  Visiting  Physician  to  the  City  Hospital  of  New  York. 

F.  N.,  male;  aged  42;  admitted  to  City  Hospital  August  10,  1897,  died 
February  17,  1898. 

Family  history:     Negative. 

Previous  history:  During  childhood  the  patient  had  measles.  At 
20  years  of  age  he  had  an  attack  of  rheumatism,  after  which  he  was  well 
until  his  28th  year,  when  he  had  some  afEection  of  the  skin.  Patient 
denied  alcoholic  excess  and  syphilis. 

Fourteen  years  ago,  he  says,  he  began  to  "  turn  yellow,"  but  he  was  well 
for  seven  years  after  the  first  appearance  of  the  discoloration,  when  he 

*  Read  before  the  New  York  Pathological  Society,  February  8,  1899. 
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had  another  attack  of  rheumatism  in  the  legs,  from  which  he  soon  re- 
covered. In  1895  he  had  a  similar  attack  of  "  rheumatic  "  pain  in  the 
legs,  accompanied  by  acnte  bronchitis,  loss  of  flesh,  and  profound  weak- 
ness, but  he  recovered  and  was  apparently  well  until  June,  1897.  Six 
weeks  before  admission,  he  had  an  attack  of  weakness,  diarrhoea  and 
polyuria,  without  headache  or  pain  in  the  abdomen.  The  feet  became 
swollen  and  he  had  pains  in  the  legs  and  ankles. 

Status  on  admission:  The  entire  body  is  of  a  yellowish-brown  color, 
deeper  in  tint  where  protected  from  the  sun,  and  especially  dark  over 
areas  pressed  upon  by  the  clothing,  waistband,  collar,  suspenders,  etc. 
Ocular  conjunctivge  pearly  white.  Mucous  membrane  of  tongue  and 
mouth  pale  and  free  from  pigment.  The  patient's  mental  condition  is 
dull.  He  says  he  has  a  fair  appetite,  sleeps  well,  but  has  pains  in  the 
knees  and  ankles.  The  bowels  move  three  to  four  times  daily.  He 
complains  also  of  epigastric  pain  and  slight  cough. 

Physical  examination  of  lungs  revealed  high-pitched  and  rather  pro- 
longed respiration  at  inferior  angle  of  left  scapula.  Blood  examination, 
September  6,  by  Dr.  Eeilly;  haemoglobin,  20  per  cent;  reds.  1,490,850; 
whites,  hypoleucocytosis.  From  the  stained  specimens,  I  made  the  fol- 
lowing observations:  Differential  count  of  500  leucocytes  gave:  adult  cells, 
55  per  cent;  young  cells,  41  per  cent;  eosinophiles,  4  per  cent;  myelocytes 
absent.  There  are  a  few  microcytes  and  poikilocytes  but  the  blood  does 
not  indicate  severe  anemia. 

September  11.  Patient  complained  of  severe  darting  pains  from  the 
neck  to  the  occipital  region  and  of  pain  in  the  left  hypochondrium.  For 
the  past  18  days  he  has  had  frequent  stools.  At  this  time  examination 
showed  impaired  resonance  over  both  infraclavicular  regions  with  fine 
moist  rales,  heard  especially  posteriorly. 

September  13.  On  ophthalmoscopic  examination,  retinae  and  optic 
disks  were  extremely  pale,  but  otherwise  normal.  The  following  week 
the  patient  seemed  much  improved.  The  cough  became  less  frequent 
and  severe,  the  stools  less  numerous  and  he  appeared  to  be  brighter  men- 
tally. On  September  22,  diarrhoea  recurred  with  frequent  bilious  vomit- 
ing, watery  stools,  cough,  pain  in  the  abdomen  and  legs.  This  condition 
persisted  except  at  intervals  of  a  few  days  during  which  the  patient  would 
feel  fairly  comfortable.  On  October  26,  ptosis  of  the  right  eyelid  devel- 
oped, but  disappeared  after  a  few  days. 

On  physical  examination,  November  5,  bronchial  breathing,  coarse 
mucous  rales,  friction,  etc.,  were  heard  over  the  right  infraclavicular 
region,  but  there  was  no  evidence  of  cavity  formation. 
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The  patioiii  roniaiiu'd  in  this  ((imlilidii  iiiuil  Jaiiuaiv  1">.  1S!)<S,  afti'i- 
whicli  date  he  began  to  grow  much  weaker.  Tlie  diarrliuea  and  vomiting 
continxied  witli  severe  abdominal  })ain  and  at  times  delirium,  lie  died 
February  17.  ISDS.  'L'he  temperature  was  irregular  and  atypical  and  at 
no  time  above  101*^  F.  The  nrine  was  examined  weekly.  The  specific 
gravity  varied  from  1018  to  1022.     Neither  albumin  nor  sugar  was  found. 

The  autopsy  was  performed  a  few  hours  after  death.  I  have  prepared 
tlie  following  notes  from  Dr.  McAlpin's  protocol. 

Body  extremely  emaciated;  eyes  and  cheeks  sunken;  pauniculus  adi- 
posus  absent.  Skin  of  entire  body  of  a  brownisli  mulatto  color,  pigmen- 
tation being  esjiecially  pronounced  over  upper  anterior  part  of  thorax, 
scrotum,  glans  penis,  dorsum  of  hands  and  feet,  and  either  side  of  spinal 
column,  especially  in  lumbar  and  sacral  regions.  No  pigmentation  of 
buccal  mucous  membrane  or  sides  of  the  tongue.  Conjunctivae  generally 
white,  but  tinged  with  yellow  where  exposed  to  the  air.  Peritoneum 
smooth  and  glistening.  Stomach  and  large  intestine  distended  with  gas. 
Lower  edge  of  right  kidney  1^  inches  below  last  rib;  left  kidney  same, 
slightly  movable.  Vermiform  appendix  small,  its  lumen  patent  and 
filled  with  impacted  hard  faecal  matter.  Bladder  distended.  Edge  of 
liver  above  free  border  of  ribs;  gall-bladder  distended. 

Right  lung:  Oedematous;  a  few 'old  adhesions  over  middle  lobe;  cut 
section  of  lower  lobe  yellowish  pink,  with  small,  elevated,  pale,  dry, 
granular  areas  exuding  a  cream}-  fluid  on  pressure;  upper  lobe  grayish 
yellow.  Avith  moderate  anthracosis,  and  a  few  apical  caseous  nodules  from 
1  to  6  cm.  in  diameter. 

Left  lung:  Oedematous;  old  adhesions  over  upper  lobe;  tubercular 
nodules  at  apex  and  a  few^  in  lower  lobe,  surrounded  by  firm,  pinkish 
granulations.     Bronchial  glands  enlarged  and  the  right  calcified. 

Heart:  Aboiit  20  cc.  clear  serum  in  pericardial  sac.  Heart  of  average 
size;  epicardial  fat  absent;  right  ventricle  collapsed;  right  auricle  dis- 
tended with  ante-mortem  clot;  cavity  of  left  ventricle  dilated;  walls  thin, 
pale  brown;  endocardium  normal;  aortic  and  mitral  segments  practically 
normal;  no  myocarditis;  right  ventricle  normal;  tricuspid  and  pulmonary 
valves  normal,  save  some  yellowish  discoloration  of  segments;  also  some 
atheroma  of  coronary  arteries.  ■ 

Liver:  Small,  reddish-brown,  firm;  lobules  distinct,  with  dark  cen- 
tres; vascular  walls  thickened.  Gall-bladder  distended  wath  two  ounces 
of  dark  greenish,  thick  bile,  containing  many  small,  pultaceous  masses; 
gall-duets  patent;  mucous  membrane  normal. 

Stomach:     Small,  mucous  membrane  normal. 
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Pancreas:  Pale,  very  firm,  evidently  the  seat  of  interstitial  hyper- 
plasia. 

Small  intestine:  Extremely  pale,  distended  with  gas;  mucosa  pale, 
covered  with  mucus;  no  increase  of  adenoid  tissue. 

Mesenteric  glands  small,  firm. 

Spleen:     Somewhat  enlarged,  firm,  reddish-brown. 

Bladder  distended  with  eight  ounces  of  dark  urine,  mucosa  normal. 

Kidneys:  Enlarged;  finely  granular  surface,  in  places  cystic;  cortex 
thickened;  pale  yellowish,  striae  obscure,  small,  grayish,  tubercle-like 
bodies  on  surface. 

Adrenals:  The  left  measures  2  in.  in  length  by  f  in.  in  width  and 
less  than  ^  in.  in  thickness;  the  right  has  about  the  same  dimensions; 
their  general  appearance  normal,  except  somewhat  atrophic;  surface 
smooth  and  pale;  consistence  normal;  no  evidence  of  tubercular  disease. 

Cceliac  sympathetics  easily  removed  and  apparently  normal. 

Brain:  Small,  fresh  hemorrhages  on  under  surface  of  dura,  especially 
on  right  side.  Pia  mater  very  oedematous,  opaque  and  thickened;  in 
region  of  both  Sylvian  fossse,  dusky  pigmentation,  seen  also  over  pons. 
Brain  small,  symmetrical  and  very  pale;  sulci  deep,  convolutions  thin. 

Spinal  cord:     Normal. 

Anatomical  diagnosis:  Chronic  miliary  tuberculosis  of  lungs;  tuber- 
culosis of  bronchial  glands;  passive  congestion  of  liver;  chronic  inter- 
stitial pancreatitis;  chronic  catarrhal  enteritis;  chronic  interstitial  neph- 
ritis, and  simple  atrophy  of  adrenal  bodies. 

Microscopic  examination:  Unfortunately  as  the  central  nervous  sys- 
tem was  not  preserved  and  the  dissection  of  the  sympathetic  was  incom- 
plete, the  microscopic  examination  is  restricted  to  the  only  available 
material,  the  adrenal  bodies  and  the  semilunar  ganglia. 

Pieces  from  both  adrenals  were  hardened  in  formaldehyde  solution 
(4  per  cent),  in  absolute  alcohol,  and  in  Miiller's  fluid.  The  entire  gland 
of  either  side  was  cut  and  stained.  The  sections  were  variously  stained 
in  Delafield's  hgematoxylin  and  eosin-blue,  lithium  carmine,  Van  Gieson's 
mixture  of  picro-acid-fuchsin,  by  the  Heidenhain-Biondi  method,  etc. 
The  microscopical  findings  being  similar  in  both  adrenals,  one  descrip- 
tion will  sufi&ce.  On  casual  observation  the  appearance  of  many  sec- 
tions is  that  of  normal  tissue,  but  on  closer  examination  and  by  careful 
comparison  with  a  series  of  sections  taken  from  normal  adrenals  distinct 
morbid  changes  can  be  demonstrated.  The  periglandular  fat  is  decreased 
in  amount  and  the  seat  of  serous  atrophy.  The  remains  of  the  adipose 
tissue  are  seen  as  a  richly  cellular  mass,  in  which  appear  fully  formed  fat 
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cells.  The  intercellular  substance  is  a  homogeneous  linely  granular  ma- 
terial, in  places  fibrillated,  which  encloses  small,  round,  deeply  stained 
nuclei.  The  fibrous  capsule,  with  the  septa,  does  not  appear  thickened 
and  is  free  from  evidences  of  inflammation  and  of  tuberculosis. 

The  zona  glomerulosa  is  present  in  some  part  throughout  all  the  sec- 
tions, the  individual  glomeruli  varying  greatly  in  size  and  appearance. 
In  places  they  are  represented  by  only  one  or  two  small  cells,  with  round, 
deeply  stained  nuclei,  and  at  times  they  appear  to  lie  in  the  outer  capsule. 
In  places,  however,  this  zone  appears  two  or  three  times  the  usual  thick- 
ness and  is  composed  of  four  or  five  layers  of  glomerular  acini,  and  again 
in  other  areas  it  is  entirely  abs2nt,  the  cells  of  the  zona  fasciculata  being 
in  contact  with  the  fibrous  capsule. 

The  part  of  the  gland  represented  by  the  zona  fasciculata  shows 
many  interesting  as  well  as  uncommon  conditions.  The  most  striking 
change  consist  in  the  irregularity  of  the  columns  in  this  portion.  The 
cells,  instead  of  being  arranged  in  definite  columns,  running  more  or  less 
vertically  from  the  zona  glomerulosa  to  the  medulla,  compose  branching 
masses  and  columns,  having  an  irregular  course  and  being  intimately 
mingled  with  cells  from  the  zona  reticularis.  The  cells  vary  greatly 
in  size  and  appearance,  their  nuclei  being  small,  round,  deeply  stained 
dots.  The  cytoplasm  is  finely  granular  and  stains  a  delicate  pink  with  a 
watery  solution  of  eosin-blue.  The  walls  of  the  individual  cells  cannot 
be  distinguished,  so  that  the  general  appearance  is  that  of  finely  granular, 
branching  masses,  in  which  lie  small,  round  nuclei.  The  small  cells, 
which  are  arranged  in  tubules  in  this  region,  have  protoplasm  resembling 
in  every  way  that  of  their  enlarged  associates.  The  fatty  condition  of 
the  cells,  normally  present  in  this  region,  is  absent  or  noticeably  dimin- 
ished and  in  only  a  few  sections  was  I  able  to  demonstrate  the  large,  clear 
fatty  cells,  so  common  in  the  normal  organ. 

Especially  in  specimens  hardened  in  Miiller's  fluid,  are  seen  in  the 
fascicular  zone  circumscribed  areas  composed  of  large,  pale  acini,  con- 
taining a  peculiar  colloid  material  of  crescentic  and  other  shapes.  These 
colloid  masses,  when  stained  by  eosin,  contrast  by  their  brilliant  red 
color  with  the  pale  pink  cytoplasm.  With  picro-acid-fuchsin  they  are 
colored  a  brownish-purple.  They  have  sharp  borders  and  are  striking 
objects  in  the  sections.  Auld  describes  cylindrical  bodies  with  highly 
refractive  index  between,  or  more  often  in,  the  medullary  cells  of 
adrenals  hardened  with  chromic  salts.  Colloid  masses  similar  to  those 
described,  however,  I  have  never  seen  in  any  other  sections  from  a  series 
of  at  least  fifty  adrenals  studied  during  the  past  year. 
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Adjacent  to  the  swollen  areas  of  the  zona  fasciculata  are  seen  tubules 
made  up  of  small  cells  which  have  been  pushed  aside  and  evidently  com- 
pressed. Such  a  condition  is  commonly  seen  in  the  normal  gland  just 
at  the  side  of  a  small  area  undergoing  fatty  metamorphosis. 

The  most  prominent  departure  from  the  typical  structure,  is  seen  in 
the  region  immediately  adjacent  to  and  including  the  upper  medullary 
portion  or  in  the  zona  reticularis  (Plate  XXVIII,  Fig.  2).  In  specimens 
hardened  in  alcohol,  there  is  an  evident  increase  in  the  normal  content 
of  pigment,  of  a  bright,  brownish-yellow  hue,  both  in  the  cell  bodies  and 
free  in  the  intercellular  substance.  So  great  is  the  accumulation  of  pig- 
ment granules  that  sections  stained  with  Delafield's  haematoxylin  and 
eosin-blue  do  not  reveal  the  nuclei  in  this  region.  Potassium  ferro- 
cyanide  and  dilute  hydrochloric  acid  fail  to  give  evidence  of  iron  in  the 
pigment  granules.  The  cells  of  the  zona  reticularis,  instead  of  appear- 
ing in  small  anastomosing  columns,  remain  more  or  less  distinct  in 
clusters  of  two  or  three.  This  appearance  is  to  be  interpreted  as  evi- 
dence of  simple  atrophy. 

The  intercellular  spaces  are  large  and  prominent  and  appear  as  finely 
granular  areas,  in  which  delicate  threads  of  the  normal  reticulum  are 
distinct. 

The  polymorphism  of  the  cells  of  the  zona  reticularis  is  very  noticeable. 
They  vary  from  one-third  to  twenty  times  the  size  of  the  typical  cell  in 
this  situation.  Many  large  homogeneous  cells  of  giant  size  are  seen 
(Plate  XXVIII,  Fig.  1).  Each  of  these  possesses  a  single  large,  deeply 
stained  nucleus,  usually  about  the  centre  of  the  cell.  Many  of  these 
nuclei  have  a  diameter  ten  times  that  of  those  in  adjacent  cells.  The 
cytoplasm  appears  almost  homogeneous,  stains  with  eosin  a  delicate  pink 
and,  without  definite  limits,  shades  off  insensibly  into  the  surrounding 
intercellular  substance.  These  I  take  to  be  hypertrophic  cells  undergoing 
necrobiosis.  Many  of  the  smaller  cells  in  this  zone  also  show  evidences 
of  degeneration  and  necrosis.  Many  are  polychromatophilic  with  indis- 
tinct fragmented  nuclei;  others  appear  swollen,  granular  and  devoid  of 
nuclei,  while  in  places  the  original  cell  is  represented  by  nothing  but  a 
small  mass  of  pigment. 

In  this  region,  as  already  mentioned,  the  intercellular  substance  and 
fibrous  reticulum,  are  especially  prominent,  less  apparently  from  actual 
new  formation,  than  on  account  of  the  atrophy  and  disappearance  of  the 
columns  of  cells.  Sections  treated  with  picro-acid-fuchsin,  fail  to  show 
any  definite  increase  of  the  fibrous  stroma.  The  reticulum  is  through- 
out rich  in  round  and  fusiform,  deeply  staining  nuclei  and  especialh'  so 
about  the  smaller  capillaries. 
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The  l)l(K)d-vossols  of  Iho  luliciials  show  iu  inany  places  a  proiKjunced 
perivascular  infiltration  with  small  round  cells.  The  walls  of  the  larger 
vessels  ]iresent  in  areas  peculiar  nodular  thickenings,  not  unlike  those 
first  described  by  Kussmaul,  as  periarteritis  nodosa.  There  is  a  moderate 
nodular  fibrous  thickening  of  the  intima  of  the  vessels.  l)ut  not  so 
marked  as  to  encroach  materially  upon  the  lumen. 

The  medullar  of  both  adrenals  show  but  little  microscopical  evidence 
of  disease.  Here  and  there  are  seen,  embedded  in  the  medulla,  portions 
of  the  cortex,  a  finding  not  uncommonly  met  in  the  normal  organ.  This 
jiortion  of  the  gland  is  relatively  small  in  amount,  but  present  in  all  the 
sections  near  the  hilum.  As  the  edge  of  the  gland  is  reached,  it  be- 
comes narrower  and  ceases  entirely  about  1  cm.  from  the  free  edge.  At 
the  junction  of  the  medulla  with  the  cortex,  I  was  able  by  the  Xissl 
method  to  demonstrate  here  and  there  ganglion  cells  staining  deeply 
and  showing  the  same  picture  as  that  seen  in  cells  of  the  semilunar 
ganglia. 

Sympathetic  ganglia:  The  right  and  left  semilunar  ganglia  were 
hardened  in  absolute  alcohol.  Sections  were  stained  by  the  Nissl  stain. 
Van  Gieson's  method  and  hematoxylin  and  eosin.  With  simple  stains 
the  ganglion  cells  appeared  numerous,  without  evidence  of  atrophy  or 
degeneration.  With  the  Nissl  stain,  the  cells  appeared  large  and  fully 
formed,  staining  deeply  and  without  evidence  of  chromolysis.  At  the 
borders  of  many  of  them  were  seen  dark  brownish  metaplasm  granules, 
usually  appearing  as  a  little  irregular  cluster  on  one  side  of  the  cell. 
The  Nissl  bodies  were  fully  formed,  standing  out  distinctly  in  the 
cytoplasm.  A  few  of  the  ganglion  cells  contained  two  well-formed  and 
distinct  nuclei.  This  condition  has  been  observed  a  few  times  before 
in  different  conditions,  but  is  not  believed  to  have  any  pathological 
significance.  ISTor  to  the  increase  of  pigment  can  especial  significance 
be  attached.  Otherwise  no  lesion  is  apparent.  There  was  no  small- 
celled  infiltration,  necrosis,  caseation  or  any  condition  even  suggestive  of 
simple  or  tubercular  inflammation  in  the  coeliac  ganglia. 

The  following-  facts  in  this  case  of  Addison's  disease  seem  to  me 
worthy  of  note:  the  appearance  of  the  cutaneous  pigmentation  four- 
teen years  before  the  onset  of  the  profound  constitutional  symptoms; 
the  occurrence  of  severe  rheumatoid  pains  in  the  extremities,  so 
commonly  observed  among  the  early  manifestations  of  the  disease; 
the  profound  weakness  with  uncontrollable  diarrhoea,  epigastric  pains 
and  bilious  vomiting;   the   prolonged   duration   of  life   (six  months) 
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after  the  onset  of  the  severe  diarrhoea  and  vomiting;  the  irregular  and 
atypical  temperature ;  the  absence  of  albumin  or  sugar  from  the  urine ; 
the  characteristic  color  and  distribution  of  the  pigment;  the  rather 
severe  anaemia  with  hypoleucocytosis. 

The  condition  of  the  adrenal  bodies  found  at  autopsy  was  cer- 
tainly surprising,  the  only  gross  abnormality  being  a  simple  atrophy 
of  quite  moderate  degree.  The  microscopical  evidences  of  this  con- 
dition may  be  briefly  summarized  as  follows:  diminution  in  size  and 
iiumber  of  the  glomeruli  of  the  zona  glomerulosa;  diminution  in 
length  with  great  irregularity  in  the  course  and  arrangement  of  the 
columns,  as  well  as  diminution  of  their  fatty  contents;  colloid  degen- 
eration of  circumscribed  areas  in  the  zona  f  asciculata ;  marked  atrophy 
with  increased  pigmentation  of  the  cells  in  the  zona  reticularis  and 
replacement  of  some  of  the  cells  by  clumps  of  pigment;  general 
diminution  in  size  of  the  medulla  associated  with  the  presence  of  dis- 
placed cortical  structures;  the  presence  of  many  mononuclear  cells  of 
gigantic  size,  of  cells  with  fragmented  nuclei  and  cells  devoid  of 
nuclei;  thickening  of  the  vessel  walls  with  perivascular  infiltration, 
and  absence  of  chronic  interstitial  or  tubercular  inflammation. 

These  conditions  warrant  the  diagnosis  of  simple  atrophy,  asso- 
ciated, perhaps,  with  attempts  at  compensatory  cellular  hypertrophy. 

Assuming  this  condition,  without  lesion  of  the  abdominal  sympa- 
thetics,  to  be  the  essential  cause  of  the  clinical  symptoms  in  this  case, 
it  may  be  well  to  call  to  mind  other  conditions  concerned  with  the 
pathogenesis  of  this  disease. 

Addison,  in  his  original  memoir,  considered  that  any  lesion  of  the 
adrenal  bodies,  which  interfered  sufficiently  with  their  function,  could 
give  rise  to  the  disease. 

Guy  and  Fowler,  however,  found  that  malignant  lymphadenoma 
destroying  the  coeliac  ganglia,  Avithout  involvement  of  the  adrenals^ 
was  capable  of  causing  the  classical  symptoms.  Rolleston,  in  the 
Goulstonian  lectures  for  1895,  gives  the  following  morbid  conditions 
in  the  adrenals  as  possible  etiological  factors:  Caseating  tuberculosis; 
simple  atrophy;  chronic  interstitial  inflammation;  malignant  disease; 
occlusion  of  the  adrenal  vein;  hsemorrhagic  states.  To  these  he  adds 
destructive  lesions  of  the  semilunar  ganglia. 
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From  this  classification,  we  are  to  believe  that  !iext  to  tubercuhir 
•lisease  of  the  adrenal  bodies,  simple  atrophy  is  the  most  common 
cause.  Examination  of  the  records  shows  reports  of  at  least  16  cases 
of  atrophy  of  the  adrenals  associated  with  symptoms  of  Addison's 
disease. 

The  cases  reported  by  Osier,*  Monti, f  and  Hadden,:}:  respectively, 
shonld  be  classified  as  degenerative  atrophies  associated  with  chronic 
interstitial  inflammation.  There  thus  remain  for  consideration  only 
13  cases.  Brief  citations  from  the  various  records  may  not  be  out  of 
place  here: 

Case  I.  (J.  Iv.  Spender,  Brit.  Med.  Jourii.,  1858.)  Female,  aged 
53.  Time  of  the  first  appearance  of  the  pigmentation  unknown.  At- 
tacks of  profound  prostration,  epigastric  pain,  bilious  vomiting  and 
diarrhoea.  Skin  of  entire  body  of  a  yellowish-brown  color.  At  autopsy 
entire  absence  (?)  of  both  adrenals. 

Case  II.  (J.  W.  Legge,  St.  Bartholomew's  Hasp.  Rep.,  18?4.  X.) 
Female,  aged  37.  18  months  before  admission  noticed  dark  brownish 
streak  on  lip;  6  months  ago,  face  became  pigmented  and  there  appeared 
weakness,  shortness  of  breath  and  frequent  attacks  of  bilious  vomiting. 
Yellowish-brown  color  over  entire  body,  especially  over  face,  neck  and 
dorsum  of  hand.  Small  patches  of  pigment  on  buccal  mucous  membrane. 
Symptoms  became  exaggerated  and  patient  died  one  month  after  admis- 
sion. At  autopsy  no  evidence  of  tuberculosis  in  the  body.  The  right 
adrenal  absent  but  replaced  by  a  mass  of  fat  supplied  by  the  adrenal 
arterj^  and  vein.  The  left  adrenal  thin,  fibrous,  without  trace  of  the 
normal  cortex.  Microscopic  examination  revealed  fully  formed  connec- 
tive tissue,  fat  cells  but  no  remnants  of  the  gland.  No  coarse  disease 
of  nerves  or  ganglia. 

Case  III.  (Goodhart,  Trans.  Lond.  Path.  Sac,  1882.)  Coal  miner, 
aged  20.  Admitted  October  7,  1881,  on  account  of  increased  weakness. 
Skin  had  begun  to  darken  two  years  before.  Pigmentation  appeared 
first  upon  glans  penis,  then  on  face,  arms,  legs,  etc.  One  year  before 
admission  attacks  of  severe  epigastric  pain  with  nausea.  Skin  dry,  of  a 
marked  brown  color,  especially  on  sides  of  body,  buccal  mucosa,  nipples, 
scrotum  and  glans  penis.     The  diarrhcea,  vomiting  and  weakness  in- 

*  Internat.  Med.  Mag.,  1S96-7,  v.  3. 
J  Arch.  f.  Kinder]!.,  18S4-5,  vi,  319. 
±  Traris.  Umd.  Path.  Soc,  1885,  xxxvi,  436. 
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creased  an'd  the  patient  died  in  coma.  Aside  from  the  hyperplasia  of  the 
adenoid  tissue  of  the  gastro-intestinal  tract,  the  principal  post-mortem 
findings  were  in  the  adrenals.  In  the  place  of  each  of  these  bodies  was 
a  thin  layer  of  a  reddish-brown  substance,  still  retaining  the  triangular 
outline  of  the  gland  and  connected  with  the  large  adrenal  vein.  The 
glands  were  so  thin,  that,  when  jjlaced  between  the  fingers,  they  could 
hardly  be  appreciated.  Microscopically  the  tissue  showed  simple  atrophy 
without  evidence  of  tubercular  disease  or  implication  of  the  coeliac 
ganglia. 

^  Case  IV.  (Goodhart,  Trans.  Lond.  Path.  Soc.,  1882.)  Draper, 
aged  44.  For  twelve  years  has  had  rheumatic  pains  in  the  knees.  Eight 
years  before  skin  became  pigmented.  Acute  melancholia,  necessitating 
confinement  in  a  sanatorium,  appeared  for  some  months,  but  from  this 
there  was  entire  recovery.  For  a  month  before  death,  emaciation,  weak- 
ness, nausea,  vomiting  and  epigastric  pains  were  manifested.  At  au- 
topsy all  organs  healthy,  except  the  adrenals,  which  were  so  wasted  as  to 
be  scarcely  visible.  No  evidence  of  suppuration  or  of  caseous  material. 
Apparently  there  was  simple  atrophy  until  each  gland  was  reduced  to 
the  size  of  a  split  pea. 

Case  V.  (Davy,  Trans.  Lond.  Path.  Soc,  1882.)  Machinist,  aged 
25.  3  years  before  entrance  to  hospital  noticed  pigmentation  of  nose, 
followed  shortly  by  pigmentation  under  eyes.  Gradually  entire  body 
became  yellowish-brown.  At  times  profound  prostration.  Death  in 
coma  following  alcoholic  intoxication.  Entire  surface  of  body  uniformly 
pigmented,  especially  over  genitals,  flexor  surfaces  of  joints  and  axillae. 
ConjunctivfE  pearly  white,  pupils  minutely  contracted.  Left  adrenal 
very  much  smaller  than  usual  but  of  normal  appearance  except  in  one 
place  near  the  middle.  Eight  adrenal  presented  even  less  recognizable 
structure.     Semilunar  ganglia  not  found  on  account  of  fat. 

Case  VI.  (E.  G.  Hebb,  Lancet,  1883,  I.)  Female,  aged  48.  Pig- 
mentation of  skin  noticed  four  weeks  before,  preceded  by  emaciation, 
attacks  of  headache,  vertigo,  nausea,  vomiting  and  constipation.  Gen- 
eral pigmentation,  especially  over  neck,  elbows,  areola  of  nipples  and 
buccal  mucosa.  At  autopsy  no  evidence  of  tuberculosis.  Adrenals  weighed 
28  and  19  grains  respectively,  were  of  normal  shape,  of  reddish  color 
and  soft,  medulla  apparently  absent.  Ko  lesion  of  sympathetic  ganglia 
observed. 

Case  VII.  (Sidney  Coupland,  Trans.  Lond.  Path.  Soc,  1885.)  Stone- 
sawyer,  aged  34.  admitted  June,  1881.  Present  ailment  began  two 
years  ago  with  loss  of  appetite,  vomiting,  weakness  and  pigmentation  of 
skin,  which  became  deepest  on  face,  dorsum  of  hands,  neck*  and  buccal 
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nnieous  iiu'iiil)r.uu'.  rationt  had  many  attacks  as  'Icseribecl  aiul  was 
under  observation  two  antl  a  half  yoars.  In  .laiiiiaiy.  1884,  following 
over-indnlgence  in  alcoliol,  lie  suociiiiihed,  hut  was  cjonscious  until  the 
last  few  hours.  Mosenteric  glands  and  I'oycr's  patches  enlarged.  No 
trace  of  right  adrenal — possibly  replaced  by  a  small  mass  of  fat.  Left 
adrenal  one-third  normal  size,  of  usual  shape,  very  thin  and  almost 
translucent.     Semilunar  ganglia  normal. 

Case  VIII.  (Thomas  Barlow,  Traus.  Lond.  Paili.  Soc,  1885.)  Fe- 
male, aged  -12,  admitted  July,  1883.  Pigmentation  of  skin  began  one 
year  before;  pregnant  for  last  nine  months:  attacks  of  weakness  and 
vomiting.  On  July  1.  birth  of  a  still-born  child,  followed  by  great 
prostration  and  death,  in  a  typhoid  state,  a  short  time  afterwards.  At 
autopsy,  pigmentation  of  entire  body,  deepest  over  areola  of  nipples, 
groins,  dorsum  of  feet,  under  side  of  knees,  etc.  At  first  it  was  believed 
that  the  adrenal  bodies  had  vanished  without  a  trace,  but  careful  dis- 
section indicated  the  fibrous  investment  of  the  bodies,  still  preserving 
their  cocked-hat  shape  and  containing  the  merest  trace  of  pale  glandular 
tissue  in  each,  which  on  microscopical  examination  gave  evidence  of  the 
columnar  arrangement  of  the  cortex. 

Case  IX.  (J.  W.  Legge,  Lancet,  1885.)  Female,  aged  29,  admitted 
May,  1884.  Six  months  before  had  an  attack  of  vertigo  with  vomiting. 
One  month  later  noticed  pigmentation  of  the  skin,  of  a  tawny  brown 
color,  deeper  over  right  eye,  xyphoid  cartilage  and  axillae.  Clinical 
course  characterized  by  fever,  vomiting,  progressive  asthenia,  deep- 
ening of  the  pigmentation  and  death.  Autopsy:  Lungs  normal;  right 
adrenal  represented  by  a  small  shred  of  tissue  about  one-half  inch  long 
and  one-quarter  inch  broad,  left  black,  of  natural  outline,  but  com- 
pletely wasted  and  thin  as  paper;  solar  plexus  to  naked  eye  normal. 

Case  X.  (Senator,  cited  from  Lewin,  CliariU-Antialen,  1885,  p.  648.) 
Female,  aged  53.  For  past  six  years  attacks  of  vomiting;  six  w^eeks  ago 
black  masses  of  blood  vomited,  at  same  time  high  fever  and  epigastric 
pains.  One  month  ago,  small  dark  spot  appeared  on  the  gums.  Soon 
entire  body  became  bronzed,  the  pigmentation  being  especially 
marked  upon  the  face.  Many  dark  brown  spots  on  face,  arms  and  groins; 
skin,  especially  of  fingers,  rough  and  scaly:  hair  completely  gray;  iris 
yellowish-brown,  sclera  somewhat  gray.  Albuminuria  with  hyaline  casts 
and  pus  corpuscles.  Pulse  152.  Adrenals  markedly  atrophic,  the  cortex 
being  represented  by  scarcely  more  than  two  separate  leaflets. 

Case  XI.  (P.  Guttmann,  cited  from  Koloff,  Ziegler's  Beitrdge,  ix,  p. 
344.)     Male,  aged  20.     One  year  before   noticed   pigmentation  of  the 
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skin,  followed  by  increasing  weakness,  Yomiting,  epigastric  pains,  sopor 
and  death.  Autopsy:  pronounced  brownish  pigmentation,  most 
marked  npon  face,  mucous  membrane  of  mouth  and  lips,  genitals,  nates 
ajid  liend  of  knees.  Induration  of  pulmonary  apices.  Both  adrenals 
reduced  to  mere  traces  of  cortical  substance.  Cervical  (?  coeliac)  ganglia 
normal. 

Case  XII.  (Eoloff,  Zieglers  Beitrdge,  ix,  p.  329.)  Male,  aged  23. 
Pigmentation,  which  increased  in  intensity,  began  13  years  previously, 
after  an  attack  of  acute  pleurisy.  Patient  was  comparatively  well  until 
five  days  before  death.  Constitutional  symptoms  began  with  loss  of 
appetite  and  weakness.  The  day  before  his  death,  for  the  first  time 
had  vomiting  and  epigastric  pains.  He  soon  became  delirious  and  died. 
Autopsy:  acute  hyperplasia  of  the  gastro-intestinal  lymph  nodes;  chronic 
pulmonary  tuberculosis;  right  adrenal,  20x12x3  mm.,  markedly  atrophic, 
left  a  little  larger,  but  not  more  than  :j  to  4  usual  size,  without  evidence 
of  tuberculosis  in  either  gland,  either  macroscopically  or  microscopically. 
Microscopical  examination  revealed  total  absence  of  fat  in  the  cortical 
cells.  The  principal  portion  of  the  gland  remaining  is  the  medulla. 
Here  and  there  are  small  islets  of  tissue  resembling  the  zona  glomerulosa 
and  zona  reticularis.     Microscopically  semilunar  ganglia  normal. 

Case  XIII.  (Bramw^ell.  Brit.  Med.  Jour.,  1897.)  Grocer,  aged  37. 
Typical  case  of  Addison's  disease,  characterized  by  profound  and  causeless 
asthenia,  pigmentation  of  skin  and  buccal  mucous  membrane,  pain  in 
neck,  occasional  vomiting,  slight  emaciation.  Death  from  influenza. 
Autopsy:  lungs  normal;  complete  absence  of  adrenals,  their  place  being 
taken  by  masses  of  fat,  which  on  the  left  side  presented  appearances  sug- 
.gestive  of  the  remains  of  the  degenerated  adrenals.  Microscopical  ex- 
amination revealed  only  a  mass  of  fat  cells  and  blood-vessels  without  trace 
of  glandular  structure. 

It  is  seen  that  of  the  14  cases  reported  (including  my  own),  tubercu- 
losis was  present  in  the  body  only  three  times,  being  absent  in  all 
instances  from  the  adrenals  themselves.  In  none  of  the  13  cases  from 
the  records  was  the  lesion  of  the  glands  relatively  so  slight  as  in  the 
present  case.  The  adrenals  in  case  XII  were  apparently  the  largest 
of  the  series,  and  even  the  largest  was  less  than  3  cm.  in  its  greatest 
diameter.     In  my  case  they  were  nearly  of  normal  size. 

In  two  of  the  cases  (I  and  XIII)  the  glands  were  apparently  entirely 
absent,  suggesting  complete  aplasia.     Zander  and  others  have  noted 
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such  a  couditioii,  but  ahvays,  so  far  as  I  am  aware,  it  was  associated 
with  defective  embryological  developments  in  other  portions  of  the 
body,  and  it  can  hardly  be  supposed  that  the  patients  could  have  sur- 
vived so  long  with  actual  aplasia  of  the  adrenal  glands.  Case  XTI  is 
at  least  suggestive  of  hypoplasia.  Here  the  pigmentation  of  the  skin 
began  when  the  individual  was  nine  years  of  age  and  continued  for 
thirteen  years,  his  health  remaining  fairly  good  until  five  days  before 
death.  Tlic  ]iathogenesis  of  this  form  of  simple  atrophy  of  the 
adrenal  bodies  is  entirely  unknown. 

In  attempting  an  explanation  of  this  condition,  the  general  causes 
(if  simple  atrophy  may  be  referred  to:  (1)  pressure;  (2)  disuse;  (3) 
senility;  (4)  neuropathic  influences;  (5)  impaired  nutrition.  The 
first  three  need  not  be  discussed.  The  possibility  of  defective  inherit- 
ance may  be  suggested,  but  of  its  participation  in  the  etiology  of  the 
disease  we  have  no  conclusive  evidence. 

In  regard  to  neuropathic  influences,  there  is  evidence  that  lesions 
of  the  sympathetic  may  produce  indirectly  atrophy  of  the  adrenal 
bodies,  and  as  a  result  the  symptom-complex  of  Addison's  disease. 
Whether  or  not  the  ganglion  cells  have  a  trophic  influence  upon  the 
cellular  parenchyma  of  the  adrenals,  analogous  to  that  of  the  anterior 
motor  cells  of  the  spinal  cord  upon  voluntary  muscular  fibres,  is  not 
positively  known,  but  recent  physiological  experiments  fail  to 
strengthen  this  supposition,  von  Kahlden  and  others  have  shown 
that  a  lesion  involving  the  splanchnic  nerves  without  direct  lesion  of 
the  semilunar  ganglia,  may  produce  these  clinical  symptoms,  and 
Biedl  has  shown  that  the  secretion  of  epinephrin  is  under  the  influ- 
ence of  these  nerves.  In  our  case  the  splanchnic  nerves  were  not  care- 
fully dissected  out  and  examined,  but  it  is  certain  that  no  gross  or 
histological  changes  were  present  in  the  cceliac  ganglia. 

It  has  been  suggested  that  certain  cells  in  the  spinal  cord  may  exer- 
cise a  trophic  influence  upon  the  adrenal  parenchyma,  but  there  is 
only  negative  evidence  to  support  this  hypothesis.  The  brain  and  cord 
of  the  present  case  were  not  obtained  for  microscopic  examination. 

Defective  nutrition  cannot  be  excluded  as  a  possible  causative  factor 
in  this  case,  but  no  such  changes  were  obseiwed  in  the  adrenal  vessels 
as  would  indicate  serious  disturbances  in  the  local  circulation. 
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It  must  be  admitted,  therefore,  that  at  present  we  are  as  much  at  a 
loss  to  understand  the  pathogenesis  of  this  condition  as  was  Spender  in 
1858. 

The  work  of  Oliver  and  Schaefer,*  and  more  recently  that  of 
Abel,f  has  shed  light  upon  the  function  of  the  adrenals.  The 
blood-pressure-raising  constituent,  designated  by  Abel  "  epinephrin," 
has  been  shown  to  be  derived  from  the  medulla,  but  the  exact  role  that 
it  plays  in  normal  metabolism  or  in  the  production  of  the  pigmentation 
and  other  phenomena  of  Addison's  disease  has  not  been  demonstrated. 
The  medulla  in  the  glands  of  the  case  just  reported,  though  as  a  w^hole 
somewhat  diminished,  is  nevertheless  present  in  comparatively  fair 
amount. 

It  is  difficult  to  believe  that  the  symptom-complex  of  Addison's  dis- 
ease can  be  explained  by  such  quantitatively  insignificant  histological 
changes  as  were  present  in  this  case.  It  is  well  known  that  certain 
glandular  organs  may  undergo  perversion  of  function  and  still  present 
little  or  no  histological  evidence  of  disease.  There  is  evidence  that 
some  cases  of  diabetes  mellitus  are  referable  to  disordered  function  of 
the  pancreas  without  manifest  histological  lesions  of  this  organ. 
Recent  investigations  have  demonstrated  the  vital  importance  of  the 
adrenal  glands  and  their  endowment  with  a  so-called  internal  secretion. 
If  it  were  possible  to  estimate  clinically  the  amount  of  epinephrin 
secreted,  as  we  estimate  the  amount  of  urea  in  the  urine,  we  might 
then  be  in  a  better  position  to  explain  such  obscure  case  of  Addison's 
disease  as  the  one  reported  in  this  paper.  Although  Addison's  dis- 
ease is  undoubtedly  due  to  some  interference  with  the  function  of  the 
adrenal  bodies,  it  seems  probable  that,  in  this  case  at  least,  we  have  to 
deal  with  a  perversion  rather  than  with  a  total  lack  of  function. 

DESCRIPTION    OF    PLATE    XXVIII. 

Fig.  1.  From  section  of  adrenal.  A,  large  cell  with  vacuoles;  B,  cells  of 
the  zona  reticularis;  C,  perivascular  infiltration.     Zeiss  ocular  2,  objective  D. 

Fig.  2.  Section  of  adrenal.  A,  portion  of  normal  zona  fasciculata;  B, 
simple  atrophic  cells  of  the  zona  reticularis;  C,  atrojihic  and  hypertrophic 

*  Oliver  and  Schaefer,  Journal  of  Phi/siology,  xvi  and  xviii. 
t  Abel,  Bull,   of  the  Johns  Hopkins   Hospital,   1897,   p.    153,  and   Zcitschr.   f. 
physiol.  Chemie,  xxviii. 


Carliii    riiilip^  5i)r> 

I'l'lls  ill  coiitiiiuit y ;  />,  |)iiiiiK'ntf(l  iirotoplasiiiiL-  ri'inains  of  cell  Ixxlies;  K, 
roimoctive  tissue  roticuhiin  proinineiit  on  iu-count  of  dt'^ciieration  aiul  dis- 
apiJi'arance  of  the  parenchyma:  /',  normal  cells  in  zona  reticularis. 

The  red  masses  seen  in  some  of  the  cells  correspond  in  reaction  to  the 
colloid  masses  described  as  occurring  in  the  zona  fasciculata. 

Technique.  Hardened  in  Miiller's  fluid,  stained  in  Delafield's  hjematoxylin 
and  one  per  cent  aqueous  solution  of  eosin-blue.  Zeiss  ocular  2,  objective 
D. 
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By  ALICE  IIAMILTOX.  M.  D. 

(rram  the  rdtliologlcal  Lal)oratory  of  the  Woman's  Medical  College.  Northwestern 

Univcrsitii,  Chieago.) 

Plates  XXIX  assd  XXX. 

Fibrosarcoma  of  the  brain,  tliougii  desc'ril)C'd  \vith  relative  frequency 
by  earlier  writers,  scarcely  finds  mention  in  later  text-books  of  path- 
ology, and  though  individual  cases  are  still  recorded  in  the  current 
literature,  they  almost  invariably  come  from  obseiA'ers  who  l)ase  their 
diagnosis  chiefly  upon  the  gross  appearances,  and  whose  description  of 
the  microscopic  findings  is  far  from  satisfactory.  A  careful  exam- 
ination of  the  literature  on  the  subject  forces  the  conviction  that  the 
majority  of  tumors  which  have  been  classed  as  fibrosarcomata  were 
in  reality  gliomata  unusually  rich  in  fibres.  Indeed,  the  tendency  of 
pathologists  now  is  to  regard  as  gliomata  all  tumors  of  the  nervous 
system,  which  cannot  be  proven  to  have  taken  their  origin  either  in 
the  meninges  or  in  the  walls  of  the  blood-vessels,  in  the  latter  case 
usually  in  the  endothelium.  It  is,  therefore,  with  some  hesitation 
that  I  venture  to  give  the  name  of  fibrosarcoma  to  a  primary  growth 
in  the  cerebrum,  a  growth  which  cannot  have  originated  in  the 
meninges  nor  in  the  endothelium  of  the  vessels.  It  seems,  however, 
impossible  to  class  it  otherwise  than  as  a  connective-tissue  tumor  of  a 
very  peculiar  type,  originating  probably  iu  the  outer  coats  of  the 
blood-vessels. 

The  specimen  was  given  me  for  examination  by  Dr.  L.  L.  Skelton, 
of  Chicago,  to  whom  I  am  indebted  for  the  following  brief  notes  of  the 
clinical  history  and  autopsy.  The  patient  was  a  married  woman, 
twenty  years  of  age.  When  seen  by  Dr.  Skelton  in  consultation  she 
was  suffering  from  ''  ten'ific  ''  headaches,  and  gradual  impairment  of 
vision.     There  were  slight  incoordination,  hysteria,  psychic  changes 
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and  intermittent  albuminuria.  Ophthalmoscopic  examination  showed 
choked  disks.  Dr.  Skelton  diagnosed  a  tumor  of  the  brain,  and  ad- 
vised operation.  This  was  refused,  and  he  did  not  see  the  patient  again 
until  after  her  death,  when  he  was  requested  by  the  family  physician 
to  make  an  autopsy.  This  was  done  twenty-four  hours  after  death. 
Upon  removing  the  skull-cap  the  right  cerebral  hemisphere  was  seen 
to  bulge  a  little,  but  the  meninges  and  cortex  were  apparently  unal- 
tered. When,  however,  a  shallow  incision  was  made  in  the  frontal 
region  through  the  cortex,  the  latter  peeled  away,  leaving  exposed  a 
spherical  mass  distinctly  circumscribed  and  readily  enucleated.  This 
mass  occupied  the  deeper  parts  of  the  three  frontal  convolutions  and 
subjacent  white  substance  projecting  into  the  ventricle,  but  not 
involving  the  basal  ganglia.  No  important  changes  were  found  in 
the  thoracic  or  abdominal  viscera;  there  were  no  new  growths  in  any 
organ  save  the  brain. 

The  specimen,  when  it  came  into  my  hands,  had  been  for  eighteen 
months  in  a  four-per-cent  solution  of  formaldehyde.  Unfortunately 
the  brain  had  not  been  preserved  in  toto,  but  the  tumor  had  been 
removed  with  only  that  part  of  the  tissues  which  directly  surrounded 
it,  so  that  the  exact  relation  of  tumor  to  brain  could  not  be  deter- 
mined. The  mass  was  about  as  large  as  a  medium-sized  orange  and 
firm  in  consistence;  its  color  was  whitish  with  gray  streaks.  The 
cerebral  tissue  separated  easily  from  the  tumor;  in  no  place  was  there 
any  sign  of  infiltration,  extension  of  the  growth  having  evidently 
taken  place  by  displacement  of  the  normal  tissue.  Pieces  from  dif- 
ferent parts  of  the  tumor  were  hardened,  some  in  alcohol,  othei*s  in 
potassium-bichromate-chromalum  solution  according  to  Weigert's 
quick  method  for  myelin  sheaths,  and  others  in  picric  acid  and  ammo- 
nium bichromate  for  Mallory's  neuroglia  stains.  Sections  were  stained 
in  the  above-mentioned  ways,  and  also  with  hsematoxylin  and  eosin, 
with  Van  Gieson's  picro-acid-fuchsin,  and  with  Weigert's  new  fuchsin 
stain  for  elastic  fibres. 

The  first  sections  examined  were  those  which  had  been  cut  from 
the  edges  of  the  tumor,  where  the  new  growth  seemed,  to  the  naked 
eye,  to  be  sharply  divided  from  the  uninvaded  brain  tissue;  this  im- 
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prossion  \v:is  I'diil'ii'iiicd  iiiidci'  llic  iiiicr(is<'(i|tc.  The  tuiimr  was  cir- 
cuniscribod,  nltlicmuli  iml  riic;i])suliit('(l,  ;iii(l  there  \\:is  no  si<;ii  of  a 
•iradual  infiltration  of  surronndinc,-  parts.  Furtliorniore,  tlie  jneii- 
inges  Merc  found  to  be  uninvcdved  in  the  new  growth.  Often  tlie 
normal  tissue  was  separated  from  the  tumor  mass  l»y  a  ])rolon^ation 
of  the  pia  mater  in  lietween  two  eonvolntions.  while  the  membrane 
itself  was  normal  save  for  sliiilit  round-cell  infiltration. 

Examined  under  the  low  power  of  the  microscope,  the  tissue  of  the 
tumor  was  seen  to  be  exceedingly  rich  in  cells,  closely  crowded 
together,  and  with  very  scanty  intercellular  substance.  The  cells 
were  not  evenly  distributed,  being  often  gathered  together  in  (•Inmi)s, 
which  seemed  composed  of  more  or  less  circular  elements,  while  bands 
of  spindle-shaped  cells  occasionally  ran  across  the  field  between  the 
chimps.  Spindle  cells  could  also  be  seen  near  the  blood-vessels,  and 
these  cells  were  possessed  of  processes,  while  the  circular  and  oval  cells 
were  apparently  devoid  of  processes.  The  intercellular  substance  had 
usualh'  a  gTanular  appearance,  but  between  the  spindle  cells  it  was 
delicately  fibrillar.  Under  the  high  power  the  cells  exhibited  a  great 
variety  of  shapes  and  sizes.  So  closely  were  they  packed  together  in 
some  places  that  it  was  impossible  to  distingiiish  their  individual  out- 
line^:,  the  appearance  being  that  of  a  large  mass  of  protoplasm  with 
nuclei  scattered  through  it.  In  thinner  places,  however,  the  cells 
stood  out  clearly,  the  protoplasm  of  the  largest  ones  being  granular, 
and  taking  the  stain  deeply.  ]\iallory's  phosphomolybdate  stain 
brought  out  the  cells  most  distinctly,  and  sketches  were  made  of  the 
different  types  in  sections  stained  after  this  method  (Plate  XXIX, 
Fig.  1).  The  cell  which  seemed  most  widely  distributed  was  the 
round,  or  irregularly  oval,  or  angular  cell  of  medium  size  with  lightly 
stained  protoplasm  and  a  single  nucleus,  the  latter  usually  circular, 
staining  deeply  at  the  periphery  and  showing  coarse  chromatin 
granules.  Apparently  naked  nuclei,  singly  or  in  clumps,  occurred 
with  great  frequency,  and  occasionally  very  small  cellular  elements 
were  found  with  a  pyriform  body  and  one  delicate  process.  The 
spindle  cells,  mentioned  above,  occurred,  not  scattered  among  the 
other  cells,  but  in  slender  bands  or  close  to  the  blood-vessels.     They 
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possessed  but  one  nucleus,  and  one  or  more  processes  at  each  end. 
Some  of  them  resembled  the  so-called  l)riish  cells.  They  lay  with 
their  long  axes  parallel,  and  their  processes  formed  a  fibrillar  matrix, 
which  was  wanting  elsewhere  in  the  tumor.  The  larger  cells  were 
most  irregular  in  outline  and  in  the  arrangement  of  their  nuclei,  which 
were  sometimes  as  many  as  ten  in  number.  The  protoplasm  was  more 
granular  than  that  of  the  other  cells,  and  stained  deeply;  the  nuclei 
were  richer  in  chromatin.  These  cells  were  often  found  in  groups, 
bnt  no  part  of  the  tissue  was  totally  devoid  of  them.  They  were  fre- 
quently vacuolated,  and  this  gave  rise  to  appearances  like  those  inter- 
preted by  some  observers  as  intracellular  parasites.  Sometimes  these 
cells  would  have  one  delicate  process,  rarely  more,  but  the  majority 
were  altogether  devoid  of  processes. 

As  can  readily  be  seen  from  the  foregoing  description,  the  cellular 
elements  demonstrated  in  this  tumor  are  not  those  usually  found  in 
glioma,  but  suggest  a  connective-tissue  growth.  Gliomata  containing 
irregularly  shaped  giant  cells  have  been  described  by  Fleischl,*  by 
Klebs,  by  Stroebe,  and  by  myself,  but  in  all  these  cases  the  majority 
of  the  cells  in  the  tumor  were  either  spider,  brush,  or  the  so-called 
ganglion  cells,  all  of  which  were  furnished  with  processes,  and  the 
intercellular  substance  was  rich  in  fibres.  An  attempt  to  stain  sec- 
tions of  this  tumor  by  Golgi's  method  failed  entirely,  but  this  may 
have  been  due  to  the  length  of  time  which  elapsed  before  the  autopsy 
was  made,  and  perhaps  also  to  the  long  immersion  in  formaldehyde. 

The  tumor  was  unusually  rich  in  blood-vessels  of  all  sizes,  from 
capillaries  to  large  vessels  with  several  layers  of  elastic  and  muscular 
fibres  in  their  coats.  The  smaller  vessels  presented  no  peculiarity  in 
appearance,  but  in  the  larger  ones  the  outermost  fibres,  which  com- 
posed the  wall,  could  often  be  seen  passing  out  into  the  tissue  to  lose 
themselves  among  the  cells  at  a  long  distance  from  their  origin  (Plate 
XXX,  Fig.  4).  These  fibres  had  all  the  characteristics  of  elastic 
tissue.  They  pursued  a  wavy  course,  were  curled  at  the  free  ends, 
and  did  not  branch.  Again,  in  other  places,  fibres  exactly  like  these 
in  character  were  found  running  between  the  cells,  though  they  could 

*  References  to  literature  are  at  the  end  of  this  article. 
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jitit  be  traced  to  aiiv  vessel,  and  had  no  a]i|iai'eiit  cumieciiun  witli  ilie 
colls  of  the  tuiiKir.  \\y  \':iii  (JiesdiTs  stain  they  came  out  in  sharp 
contrast  to  the  colls,  staiiiinii-  piid;  or  dee|t  led  (  IMate  XXIX,  Fig.  2); 
by  Mallory's  phospliotiiii,i>state  they  stained  a  purple  rod  (Plato  XXX, 
Fig.  3);  but  it  was  in  sections  treated  with  Weigert's  fuehsin  stain  for 
elastic  fibres  that  tlioy  could  most  easily  be  traced  (Plate  XXX, 
Fig.  4).  By  this  stain  they  appeared  bluish-black,  and  therefore  (piite 
ditferent  from  the  delicate  intorcellulai'  tibril-  and  proce.esos  from  the 
s]nudle  cells,  which  by  all  of  the  above-mentioned  methods  took  the 
usual  proto]ilasmic  stain.  The  staining  properties  of  these  fibres  for- 
bade the  sujtposition  that  they  could  be  remains  of  medullated  nerves. 
Sections  were  stained  by  Weigert's  ditferential  method  t'or  myelin 
sheaths,  with  the  result  that  the  medullated  nerves  were  found  to 
end  abruptly  at  the  edge  of  the  tumor,  no  trace  of  such  a  stnicture 
being  demonstrable  within  the  new  tissue.  This  absence  of  medul- 
lated nerves  is  regarded  by  Stroebe  as  one  proof  that  a  tumor  is  not 
of  nervous  origin. 

^luch  more  striking,  however,  than  the  single  scattered  fibres,  were 
the  thick  circumscribed  collections  of  coarse  and  delicate  fibres  which 
appeared  everywhere  throughout  the  tumor.  These  were  dense 
masses  lying  among  and  on  top  of  the  cells,  being  sometimes  long  and 
spreading,  sometimes  round.  They  appeared  in  every  variety  of 
shape,  from  symmetrical  rosettes  to  long  irregularly  branching 
masses.  The  fibres  which  composed  them  were  usually  delicate,  and 
curved  slightly,  sometimes  thick  and  bristling.  In  the  larger  masses, 
and  in  almost  all  the  circular  ones,  the  centre  was  composed  of  a 
granular  material,  the  fibres  appearing  clearly  only  at  some  distance 
from  the  centre  (Plate  XXX,  Fig.  3).  Under  the  low  power  it  often 
looked  as  if  the  fibres  were  processes  of  the  surrounding  cells,  and 
passed  from  them  into  the  centre,  an  an-angement  suggesting  that  of 
the  tails  of  the  spennatozoa  in  a  seminiferous  tubule  of  the  testicle.  A 
close  examination,  however,  under  the  oil  immersion  failed  to  show 
that  these  fibres  were  connected  with  the  cell  bodies;  they  seemed 
simply  to  pass  among  and  over  the  ceUs.  The  cells  dii*ectly  surround- 
ing them  were  usually   spindle-shaped,   sometimes   with,   sometimes 
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without  processes.  When  present,  such  processes  took  the  proto- 
plasmic stain. 

Although  no  part  of  the  tumor  "was  free  from  these  masses,  yet  it 
was  noticeable  that  the  larger  the  number  of  blood-vessels,  the  fewer 
the  fibrillar  masses.  Many  of  them  occurred  in  close  connection  with 
the  vessel  walls,  either  entirely  surrounding  a  small  vessel,  or  covering 
one  side,  or,  what  was  most  common,  scattered  at  intervals  along  the 
course  of  a  larger  vessel.  Occasionally  a  rosette  would  contain  in 
its-centre  a  small  collection  of  cells  (Plate  XXIX,  Fig.  2). 

A  close  connection  between  the  fibrillar  masses  and  the  vessel  walls 
suggested  the  idea  that  this  connection  might  be  invariable,  and  that 
in  cases  where  the  masses  seemed  independent,  they  were  lying  along 
the  wall  of  a  vessel  which  had  not  been  included  in  the  section.  To 
prove  this,  serial  sections  were  made,  but  with  the  result  that  by  far 
the  larger  number  of  these  masses  were  without  demonstrable  connec- 
tion with  the  vessels. 

In  their  staining  properties  these  fibrillar  masses  corrCvSponded  with 
the  single  scattered  fibres  already  described,  and  thus  produced  a  very 
striking  appearance,  especially  in  sections  stained  by  Van  Gieson's 
method,  wdiere  the  deep  pink  rosettes  stood  out  in  sharp  contrast 
with  the  yellowish  background.  By  Weigert's  elastic-fibre  stain  it 
was  often  possible  to  follow  the  single  scattered  fibres  and  see  them 
end  in  a  rosette,  and  also  in  many  cases  to  find  such  fibres  running 
from  the  wall  of  the  vessel  to  lose  themselves  in  rosettes  at  varying 
distances  from  the  vessel  (Plate  XXX,  Fig.  4).  Though  the  fibrils 
composing  the  rosettes  were  usually  much  more  delicate  than  the 
diffuse  fibres,  and  stained  a  little  lighter,  yet  there  seemed  no  room 
for  doubt  that  the  tw^o  were  of  the  same  origin  and  character. 

I  can  find  in  the  literature  no  description  of  collections  of  fibres  such 
as  these  in  the  case  under  discussion.  Gliomata  rich  in  fibrils  are  of 
frequent  occurrence,  but  in  these  the  fibres  are  never  arranged  in  cir- 
cumscribed masses,  nor  do  they  take  the  differential  stains  for  connec- 
tive tissue.  By  the  kindness  of  Dr.  Flexner  I  was  enabled  to  compare 
with  this  tumor  sections  from  an  ependymal-celled  glioma  described 
by  him  a  year  ago.     The  arrangement  of  the  fibres  in  his  case  on 
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first  siiilit  rcscinlilcd  soincwliiil  tlic  ;irr;iiii:cniciit  in  the  (Hic  I  :im  Ac- 
scribiiiii".  lld-c,  loo,  there  are  loiii;  aiiil  circiilnr  (Millcctidiis  of  lilires 
surroniulcd  liy  cells,  Imt  lliese  tilircs  ;ire  iM'Ocesses  from  the  eclls  Iroin 
wliieli  tliev  pass  to  the  vessel  walls;  they  stain  as  do  ordinary  glja  fibres, 
and  tlie  eclls  arc  of  the  type  of  cjwndynial  cells.  The  two  specimens 
cannot,  therefore,  he  regarded  as  belonging  to  the  same  class  of 
growths. 

The  qnestion  then  resolves  itself  into  the  following:  Is  this  a 
glioma  with  a  pccnliar  form  of  sclerosis,  or  a  fibrosarcoma  with  masses 
of  elastic  fibres  in  the  matrix?  There  are  several  arguments  in  favor 
of  the  former  alternative.  In  the  first  ])lace,  it  is  nnnsnal  to  find  a 
connective-tissue  growth  in  the  ecrcbruui  which  has  not  sprung  from 
the  meninges,  or  from  the  endothelium  of  the  vessels.  The  possi- 
bility that  the  connective-tissue  elements  in  the  outer  and  middle 
coats  of  the  vessels  might  proliferate  and  form  a  true  sarcoma  cannot 
be  denied,  but  this  is  not  the  usual  form  of  connective-tissue  growths 
in  the  nervous  system.  Upon  the  assumption  that  the  tumor  is  a 
glioma,  the  apparent  dissociation  of  fibres  and  cells  might  be  explained 
by  considering  that  this  tumor  represents  the  adult  stage  of  neuroglia, 
when,  according  to  Weigert,  the  fibres  no  longer  have  connection  with 
the  cells.  Taylor  argues  in  favor  of  this  view,  and  has  given  a 
description  of  two  specimens  of  glioma,  the  one  representing  the 
embi-yonic  stage,  the  other  the  adult  stage  of  neuroglia.  In  the 
former  the  fibres  of  the  matrix  proceed  from  the  cell  bodies;  in  the 
latter  they  are  entirely  independent  of  the  small  round  cells.  Maxi- 
milian Herzog  also  follows  Weigert's  view  as  to  the  dissociation  of  glia 
cells  and  fibres,  but  modifies  it  by  regarding  the  fibres  as  cells  which 
have  undergone  a  senile  change,  analogous  to  the  cornification  of 
epithelial  cells.  He  described  an  ependymal  cyst  lined  with  cubical 
epithelial  cells.  The  cells  became  slender  bipolar  spindles  as  they 
approached  the  edge  of  the  cyst,  refractive  granules  appeared  in  the 
protoplasm,  and  finally  the  free  edge  was  covered  with  stiff  slender 
fibres,  staining  like  cornified  material.  He  arg-ues  that  in  this  case  the 
neuroglia  cells,  being  of  epithelial  origin,  reverted  to  the  original 
type  and  formed  a  true  epithelial  growth,  but  that  the  process  here 
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was  in  all  essentials  analogous  to  the  formation  of  tlie  fibres  of  neu- 
roglia by  gradual  flattening  and  comification  of  tlie  cells.  He  might, 
therefore,  consider  the  collections  of  stiff  fibres  in  my  case  as  analo- 
gous to  the  comification  of  the  cells  in  the  centres  of  epithelial  pearls 
in  carcinomatous  growths. 

On  the  other  hand,  the  arguments  in  favor  of  the  connective-tissue 
nature  of  the  tumor  are  many.  In  gross  appearance  it  differs  from  a 
typical  glioma,  for  it  is  circumscribed,  firm  in  consistence  and  easily 
enucleated,  while  a  glioma  usually  infiltrates  instead  of  displacing  the 
normal  tissue,  and  is  soft  in  consistence.  Again,  the  characters  of 
the  cells  and  of  the  intercellular  substance  do  not  suggest  a  gTOwth 
springing  from  the  neuroglia.  The  entire  absence  of  medullated 
fibres  is  another  point  against  glioma. 

The  strongest  argument,  however,  in  favor  of  the  connective-tissue 
origin  of  the  growth  is  based  on  the  chemical  nature  of  the  fibres,  as 
shown  by  their  reaction  to  differential  stains.  The  distinctive  chem- 
ical characteristics  of  neuroglia  fibres,  as  evinced  by  their  affinity  for 
certain  stains,  is  especially  emphasized  by  Weigert  in  his  exhaustive 
work  on  human  neuroglia,  and  is  made  by  him  the  basis  for  determina- 
tion as  to  Avliat  does  and  what  does  not  belong  to  this  tissue.  It  is 
much  to  be  regretted  that  the  tumor  was  not  obtained  in  the  fresh  con- 
dition, so  that  it  could  have  been  stained  by  Weigert's  method  for 
neuroglia  fibres,  but  in  the  absence  of  this  test  the  reaction  of  the  fibres 
to  the  three  stains  mentioned  above  (Van  Gieson's,  Mallory's  phos- 
photungstate,  Weigert's  elastic-fibre  stain)  would  seem  to  prove  con- 
clusively that  they  belong  to  the  connective  tissues.  The  origin  of 
the  growth  must  be  from  the  connective-tissue  elements  in  the  walls 
of  the  blood-vessels,  and  these  elements,  instead  of  producing  a  fibro- 
sarcoma of  the  usual  type,  have  gone  on  to  the  production  of  poly- 
morphous cells  with  aggregations  of  elastic  fibres  within  the  matrix. 
That  this  is  unusual  must  be  conceded,  but  there  is  certainly  an 
analogue  to  such  a  process  in  the  formation  of  islands  of  hyaline 
cartilage  in  chondrosarcoma,  and  of  bone  in  osteosarcoma. 

I  am  unable  to  find  descriptions  of  fibrosarcomata  in  which  the  fibres 
of  the  matrix  were  proven  to  be  elastic  fibres.     It  would  seem  that  the 
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([iKslidii  :h  1(1  the  (Xiu-t  nature  of  such  inlcfccllular  tilircs  in  tlicse 
runidrs  has  not  Ix'cn  systematical Iv  .-tndicd.  Tlif  a]i]ilicat  ion  of 
"Weig'ert's  admiralilc  stain  foi*  clastic  fibres  to  the  study  of  tnnioi-s  and 
of  other  pathological  conditions  gives  promise  of  yielding  interesting 
results.  Melnikow-Ivaswedenkow  in  a  recent  article  has  described  the 
distrilmtion  of  elastic  fibres  in  various  organs  in  normal  and  patho- 
logical conditions.  lie  notes  especially  the  richness  in  elastic  fibres 
of  the  walls  of  blood-vessels,  particularly  of  the  adventitia,  and  finds 
that  the  elastic  fibres  in  healthy  and  diseased  organs  and  tissues  are 
derived  mainly  from  the  vascular  -walls.  Within  the  central  nervous 
system  elastic  tissue  is  scanty  and  present  only  in  the  walls  of  blood- 
vessels. He  states  that  in  tumors  no  new  foi-mation  of  elastic  tissue 
occurs,  a  statement,  however,  contradicted  by  the  presence  of  a  large 
amonnt  of  elastic  tissue  in  the  tumor  now  under  consideration.  There 
is  no  other  apparent  source  for  the  elastic  tissue  found  in  the  present 
tumor  than  that  in  the  walls,  especially  the  adventitia.  of  the  blood- 
vessels, and  this  conclusion  is  in  accord  with  Melnikow-Kasweden- 
kow's  observations  concerning  the  normal  distribution  of  this  tissue  in 
the  brain  as  well  as  with  the  relationship,  already  descrilied,  of  much 
of  the  elastic  tissue  to  the  vessel  walls.  AVhere  this  relationship  is 
no  longer  apparent,  its  disappearance  may  be  attributable  to  oblitera- 
tion of  vessels  or  to  the  severance  of  the  original  connections. 

The  literature  on  the  normal  development  of  elastic  fibres  is  most 
unsatisfactory.  There  seem  to  be  two  theories  as  to  the  origin  of 
these  fibres— the  cellular  and  the  intercellular  theory — dating  from 
Theodor  Schwann's  belief  in  the  transformation  of  the  cells  into 
fibres  and  Max  Schnitzels  view  that  the  cells  fused  to  form  the 
fibrillse.  B.  Lwoif  believes  that  the  fibres  are  formed  by  the  outer 
part  of  the  protoplasm  of  the  cells,  which  becomes  differentiated  and 
lies  as  a  sheath  around  the  inner  protoplasm  and  nucleus. 

The  later  observers,  almost  without  exception,  hold  that  the  fibrils 
are  formed  in  the  intercellular  matrix,  independently  of  the  cells,  or 
at  any  rate  without  visible  connection  with  them.  Henle,  Kolliker, 
Ranvier,  Schaefer,  and  Minot  uphold  this  view.  According  to  Kan- 
vier,  there  appear  in  the  gelatinous  matrix  1)etween  the  embryonic 
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connective-tissue  cells  globules  of  elastin,  probably  deposited  by  the 
cells.  These  fuse  and  form  fibrils.  They  appear  late  in  embryonic 
life  (fifth  month  in  human  beings),  grow  by  thickening,  and  continue 
to  form  even  after  birth.  According  to  Minot,  the  elastic  fibres  in 
the  omentum  develop  thus:  The  connective-tissue  cells  become  long 
and  spindle-shaped,  with  oval  nuclei.  In  between  them  appear  fibrils 
which  increase  in  length  and  number,  and  gradually  form  bundles, 
which  take  a  wavy  course.  Throughout  their  development  they  have 
no  apparent  connection  with  the  cells.  Schaefer  has  observed  that 
in  the  development  of  coelenterates  fibres  appear  in  the  matrix  at  a 
period  when  there  is  entire  absence  of  cellular  elements. 

As  regards  the  mode  of  development  of  the  elastic  fibres  in  the 
outer  coats  of  the  blood-vessels,  the  literature  is  even  more  scanty. 
The  description  of  the  formation  of  new  blood-vessels  may  be  followed 
with  precision  until  we  pass  from  the  capillary  tube  with  its  simple 
endothelial  coat  to  the  arteriole  with  a  fibro-muscular  coat,  where  the 
subject  suddenly  becomes  obscure.  Most  works  on  embryology  ignore 
completely  the  question  of  the  origin  of  these  fibres.  Minot  says  they 
are  formed  by  the  differentiation  of  the  surrounding  mesenchyma, 
while  the  pathologists  seem  to  consider  that,  so  far  as  concerns  the 
newly-formed  vessels  in  proliferating  tissues,  the  outer  coats  are  formed 
by  multiplication  and  differentiation  of  the  endothelium  of  the  capil- 
lary walls. 

So  long  as  the  whole  subject  of  the  normal  development  of  elastic 
fibres  is  unsettled,  it  would  be  useless  to  attempt  to  explain  their 
occurrence  in  a  pathological  growth.  AVhether,  however,  they  are 
formed  from  the  bodies  of  cells,  or  deposited  by  the  cells  in  the  matrix, 
or  arise  independently,  it  is  certainly  conceivable  that  a  growth,  orig- 
inating in  the  connective-tissue  elements  of  the  vessel  Avails,  might 
produce,  in  an  abnormal  and  irregular  way,  the  same  kinds  of  fibres 
as  its  prototypes  have  produced  in  the  course  of  normal  development. 
As  said  above,  the  process  would  seem  to  be  somewhat  analogous  to  the 
formation  of  islands  of  cartilage  or  bone  in  mixed  sarcomata. 

In  the  tumor  under  discussion  the  steps  in  the  process  of  fibre 
formation  seem  to  be  similar  to  those  cited  above  as  described  by 
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Minot  in  tlio  iionnnl  ilovelopmcnt  of  elastic  fibres  in  the  oiiicntmn. 
Spindle  cells,  like  those  which  he  describes  as  appearing  before  the 
fibres  are  found,  occur  in  bands  through  the  tissue  of  the  tumor  and, 
though  furnished  with  processes,  have  no  apparent  connection  with 
the  real  elastic  fibres  which  are  found  between  them.  They  would 
seem,  however,  to  be  in  some  way  concerned  in  the  formation  of  these 
fibres  as  they  are  present  in  greatest  numbers  in  the  neighborhood  of 
the  rosettes  and  the  masses  of  fibrils  which  lie  along  the  vessel  walls. 

DESCRIPTION    OF    PLATES    XXIX    AND    XXX. 
Plate  XXIX. 

Fig-.  1.  Isolated  tinnor  cells.  Small,  round  and  oval  mononuclear  cells. 
Small  and  large  pyriform  and  fusiform  cells.  Giant  cells  with  and  without 
processes.  One  g-iant  cell  shows  cellular  inclusion.  Leitz  objective  ,'_,  in. 
oil  immersion,  ocular  5.     Mallory's  phosphomolybdic  acid  haematoxylin. 

Fig.  2.  Typical  field  containing  fibrillar  masses  of  different  shapes.  One 
mass  surrounds  a  small  vessel  almost  completely.  Two  masses  lie  along  the 
sides  of  vessels.  One  contains  a  group  of  cells  in  its  centre.  In  one  place 
scattered  fibres  pass  between  the  tumor  cells.  Leitz  objective  -.  in.,  ocular 
3.     Van  Gieson's  picro-acid-fuchsin. 

Plate  XXX. 

Fig.  3.  One  medium-sized  rosette.  The  fibres  can  be  seen  passing  over  the 
cells.  Large  giant  cells  form  a  group  to  one  side.  Leitz  objective  j^  in.,  oil 
immersion,  ocular  5.     ]Mallory's  phosphotungstic-acid  haematoxylin. 

Fig.  4.  Two  small  rosettes  near  a  blood-vessel.  Elastic  fibres  can  be  seen 
passing  among  the  tumor  cells  to  the  rosettes,  also  from  the  vessel  walls  to 
the  rosettes.  [Most  of  the  cells  are  large,  round  and  oval,  but  at  one  side 
can  be  seen  a  band  of  spindle  cells.  Leitz  objective  y.  in.,  oil  immersion, 
ocular  3.     Weigert's  elastic-fibre  stain.     Xuclei  stained  with  lithium  carmine. 
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ON  THE  DIFFEKENTIATION  AND  CLASSIFICATION  OF 
WATER  BACTERIA. 

By  GEORGE  W.  FULLER  and  GEORGE  A.  JOHNSON. 

(From  the  Laboratory  of  the  Commissioners  of  Water  Works,  Cincinnati,  Ohio.) 

When  bactGriologists  have  before  them  the  problem  of  differentia- 
tion and  classification  of  bacteria  from  water,  independent  of  efforts  to 
isolate  with  minimnm  delay  some  specific  organism  of  disease,  they 
l)roceed  in  a  manner  which  is  substantially  as  follows: 

1.  There  is  obtained  on  a  given  laboratory  medium  a  pure  culture 
of  a  special  bacterium,  the  environment  and  life  history  of  which,  prior 
to  its  isolation  at  the  laboratory,  are  for  the  most  part  unknown. 

2.  From  the  pure  culture  there  are  seeded  a  greater  or  less  number 
of  conventional  culture  media,  known  to  differ  in  composition  some- 
what as  prepared  at  different  times  at  the  same  laborator}^,  and  con- 
siderably as  prepared  by  various  workers  in  different  laboratories. 

3.  These  cultures  are  subjected  at  the  laboratory  to  varying  tem- 
peratures and  periods  of  development  leading  up  to  final  descriptions 
of  cultural  characteristics. 

4.  Observations  upon  and  descriptions  of  the  results  obtained  from 
the  growth  of  this  special  bacterium  under  the  above  stated  conditions 
are  made. 

5.  Upon  a  comparison  of  the  records  of  this  bacterium  with  the  lim- 
ited descriptions  of  more  or  less  similar  forms  given  by  other  observers, 
it  is  found  that  they  do  not  coincide,  and  therefore  a  new  species  is 
recorded. 

Practically  speaking,  the  above  outline  shows  briefly  and  in  a 
general  way  the  conventional  custom  of  bacteriologists  in  the  past 
fifteen  years,  and  which^  as  is  well  known,  has  brought  the  subject  of 
species  differentiation  to  a  position  which  is  untenable.  Owing  to  the 
wide  recognition  of  this  state  of  affairs  it  seems  to  the  writers  to  be 
futile  to  speak  farther  of  the  past. 

It  is  the  purpose  of  this  paper  to  refer  briefly  to  a  number  of  points 


610       Differentiation  and  Classification  of  Water  Bacteria 

associated  with  the  above  outlined  procedure,  and  call  attention  to 
several  modifications  which  experience,  in  a  somewhat  extended  study 
of  this  subject,  has  led  us  to  believe  are  of  material  assistance  in  the 
differentiation  and  classification  of  water  bacteria. 


I.- DEBILITATING  ENVIEONMENT  OF  WATER  BACTERIA  BEFORE  ISOLATION, 

AND  THE  CONSEQUENT  DEGENERATION  IN  MANY  INSTANCES 
AS  NOTED  AT  THE  LABORATORY. 

Experience  shows  that  in  many  cases  two  members  of  the  same 
species  of  water  bacterium,  isolated  at  the  same  time  and  from  the  same 
sample,  owing  to  divergent  conditions  in  their  earlier  environments 
and  in  their  life  histories,  will  differ  in  some  specific  functions  or 
characters,  as  studied  in  the  laboratory.  We  have  learned  that,  by 
transplanting  successively  such  forms  upon  a  series  of  media,  these 
differences  can,  in  a  great  measure,  be  eliminated.  Accordingly,  Ave 
have  adopted  the  procedure  of  transferring  the  organisms  after  isola- 
tion from  the  pure  culture  on  agar  to  nutrient  broth;  from  the  latter 
after  three  days'  incubation  at  20°  C.  to  gelatine  plates;  and  from  a 
gelatine  plate  after  the  same  period  of  incubation  back  to  an  agar  tube 
again,  from  which  the  conventional  media  are  seeded  after  the  cus- 
tomary three  days  have  elapsed.  The  value  of  this  course,  calculated 
to  lend  to  the  more  or  less  debilitated  form  a  rejuvenating  action,  and 
to  bring  the  two  members  into  a  more  nearly  parallel  physical  condition 
before  diagnostic  tests  are  begun,  is  illustrated  by  the  representative 
results  given  in  Table  I. 

TABLE  L 
Effect  of  Pkeliminart  Cultivation  on  Bacterial  Development. 


Name  of  organism. 

Test. 

Kesult  of  Test. 

Primary 
culture. 

After  pre- 
liminary 
cultivation. 

Bacill 

us  fluorescens  liquefaciens. 
prodigiosus. 

:\[otility. 

Nitrate  reduction. 

Gas  production. 

Negative. 

Positive. 

coli  communis. 

Coagulation  of  mi 

Ik. 

11 

ochraceus. 

u 

" 

similtyphus. 
subtilis. 

Nitrate  reduction. 
Motility. 

u 

viridis. 

Indol  production. 

t( 
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In  each  ease  the  temperature  and  period  of  development  were  2(P 
C.  and  10  days,  respectively,  with  the  exception  of  the  tests  for 
motility,  which  feature  was  observed  in  cultures  two  days  old. 

Attention  is  particularly  called  to  the  last  step  in  the  process  of 
preliminary  cultivation,  as  it  is  important  that,  once  having  gotten 
an  organism  into  a  condition  from  which  more  favorable  results  may 
be  obtained,  the  culture  should  be  allowed  to  lose  none  of  its  regained 
vitality  by  being  allowed  to  remain  an  unnecessarily  long  time  on  the 
agar  tube  before  the  various  media  are  inoculated. 

If  the  results  of  diagnostic  tests  are  to  be  regarded  seriously,  and  if 

TABLE  II. 
Effect  of  Preliminary  Cultivation  on  Bacterial  Development. 


Percentage  constancy  of  results. 

Test. 

Primary 
cultures. 

After  preliminary 
cultivation. 

Bacillus — true  form, 

9.5 

100 

Motility, 

87 

100 

Spores — beat  test. 

93 

100 

Growth  at  37°  C, 

98 

100 

r  Gelatine, 

98 

100 

Liquefaction  of    -|  Casein, 

95 

100 

I  Blood  serum. 

93 

100 

Fermentation  of     (  Gas, 

92 

100 

dextrose  broth   I  Turbidity 

in  closed  arm, 

89 

100 

Nitrate  reduction. 

90 

100 

Indol  production. 

97 

100 

Milk  coagulated. 

80 

100 

Fluorescence, 

95 

100 

Chromogenesis, 

100 

100 

such  results  are  to  lead  to  classifications  which  sball  be  of  permanent 
value,  it  is  obvious  that  such  results  must  yield  a  higb  percentage 
of  constancy.  Otherwise  they  will  be  misleading  and  must  be 
eventually  discarded. 

For  the  purpose  of  determining  the  percentage  constancy  of  the 
results  of  prominent  diagnostic  tests,  before  and  after  transplanting 
the  culture  upon  a  series  of  media  as  described  above,  twenty  cultures, 
representing  eleven  different  species  of  water  bacteria,  were  carried 
through  a  series  of  tests,  the  results  of  which  appear  in  Table  II. 
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Each  of  the  media  was  seeded  in  triplicate  with  each  culture  from 
which  both  morphological  and  biological  results  were  obtained.  De- 
velopment was  continued  for  10  days  at  20°  C.  before  the  final  results 
of  the  respectiA-e  tests  were  recorded,  although  observations  were  taken 
day  by  day. 

II. O^'    THE    COilPOSITION    A^D    PREPARATION    OF    CULTURE    MEDIA    WITH 

ESPECIAL  REFERENCE  TO  LIMITATIONS  IN  THE  USE  OF 

NUTRIENT    CARBOHYDRATE    SOLUTIONS    AS 

PREPARED    AT    PRESENT. 

In  this  connection  the  recommendations  of  the  Bacteriological 
Committee*  leave  but  little  to  be  desired,  so  far  as  is  practicable  to  be 
obtained  at  present.  And  in  our  species  work  during  the  past  ten 
months,  it  has  been  our  custom  in  the  preparation  of  media  to  follow 
the  procedures  recommended,  with  no  departure  except  a  limitation  in 
the  use  of  the  different  carbohydrate  solutions  as  now  prepared. 

In  regard  to  the  use  of  carbohydrate  solutions  prepared  by  present 
methods,  our  experience  has  shown  an  inconsistency  in  quantitative 
results  in  connection  with  gas  production  and  the  end  reaction.  In 
quite  an  extended  study  of  the  accuracy  of  these  tests,  the  results 
obtained  show  the  influence  of  three  factors,  intimately  connected  with 
the  inconstant  results  that  were  often  obtained,  which  are  as  follows: 

1.  The  results  of  growth  in  a  carbohydrate  solution  are  affected 
somewhat  by  the  possible  degeneration  of  the  organism. 

2.  The  results  of  growth  are  often  affected  by  the  initial  reaction  of 
the  carbohydrate  solution. 

3.  Irregularities  in  the  composition  of  the  carbohydrate  solution  as 
prepared  and  sterilized,  notably  in  the  case  of  lactose  and  saccharose, 
also  affect  these  results. 

An  illustration  of  the  first  factor  is  presented  below  in  Table  III 
showing  representative  results  upon  the  quantity  of  gas  and  the  end 
reaction  in  dextrose,  lactose  and  saccharose  broths,  by  six  different 
cultures  of  Bacillus  coli  communis  isolated  on  successive  days  from 

*  Procedures  Eecomniended  for  the  Studj'  of  Bacteria,  Journal  of  American 
Public  Health  Association,  Jan.,  1S9S. 
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the  Oliio  Iviver  water.  The  temperature  and  period  of  incubation  in 
all  cases  were  20°  C,  and  ten  days,  respectivel^t;  and  the  cultures 
were  not  subjected  to  preliminary  cultivation. 

TAHLK    III. 

REPKESENTATIVE    ReSILTSs    of    GuOWTHS    op    B.   com    (OMMl'NIS    IN 
CaKBOHYDUATE    SOI-UTIONS. 


Number  of 
organism. 

rai-bohydnito. 

Initial  reaction  1.5  per  cent  Acid. 

Total  tras 
^per  cent). 

End  reaction 
(per  cent). 

1 

77 

3.8 

3 

83 

4.1 

3 
4 

Dextrose. 

53 
41 

3.3 

3.9 

5 

88 

.5.0 

6 

90 

4.9 

1 

91 

3.8 

o 

78 

:!.G 

3 
4 

Lactose. 

49 

SO 

5.1 
4.3 

5 

60 

3.6 

6 

53 

3.8 

1 

48 

3.0 

2 

0 

3.7 

3 
4 

Saccharose. 

13 

15 

1.9 
0.8 

5 

2 

1.0 

6 

3 

1.6 

From  what  has  been  stated  with  regard  to  the  influence  of  pre- 
liminary cultivation,  to  overcome  initial  degeneration,  as  outlined  in 
the  last  section,  it  would  naturally  be  expected  that  such  a  procedure 
would  eliminate  in  a  measure  the  discrepancies  in  the  above  results. 
As  shown  in  Table  lY  this  preliminary  step  as  carried  out  was  appre- 
ciably helpful,  but  was  incapable  within  the  limits  studied  of  making 
the  quantity  of  gas  of  decisive  diagnostic  value. 

Relative  to  the  influence  of  preliminary  cultivation  upon  the 
end  reaction,  it  was  found  to  be  inadequate  to  bring  about  even  fairly 
constant  results,  as  shown  in  Table  TV. 

With  regard  to  the  second  of  the  above  factors  it  was  found  that 
within  a  fairly  close  range  of  initial  reactions,  as  ordinarily  employed, 
and  reaching  from  about  +1.5  to  — 1.5  per  cent,  its  influence  upon 
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the  total  anioinit  of  gas  produced  and  the  end  reaction  does  not  a])p('ar 
to  be  very  marked.  Tliis  is  cspcciallv  true  if  the  period  of  incubation 
at  20°  C.  does  not  exceed  3  or  4  days.  AVhcn  the  period  of  incubation 
reaches  10  days,  then,  even  within  the  above  stated  limits,  the  initial 
reaction  becomes  a  factor  \vitli  reference  to  the  final  quantitative 
results. 

But  if  tlie  initial  reaction  should  be  more  than  about  1.5  per  cent 
from  the  phenolphthalein  neutral  point,  considerable  variations  in 
the  results  are  found,  as  compared  with  those  obtained  with  initial 
reactions  within  the  stated  limits.  And  in  most  cases  it  was  notice- 
able that  the  quantity  of  gas  was  greatest  in  those  tubes  where  the 
solution  was  initially  most  alkaline  ( — 2.0  per  cent).  This  is  shown 
by  the  results  presented  in  Table  Y  (averages  of  more  than  100  sets 
of  results)  w'ith  reference  to  B.  coli  communis  freshly  isolated  from 
feces;  and  when  the  period  and  temperature  of  incubation  were  10 
days  and  20°  C.  respectively. 

TABLE  Y. 
Percentage  of  Total  Gas  Pkodcctios  by  B.  Con  Communis  is  Cakbo- 

HYDRATE    SOLUTIONS    OF    DIFFERENT    INITIAL    REACTIONS. 


Carbohydrate. 

Initial  reaction 
(per  cent). 

D< 

^ 

sxtrose. 

Lactose. 

+  2.0 

3.5 

28 

+  1.0 

36 

34 

.0 

45 

45 

-1.0 

53 

53 

—  2.0 

68 

64 

In  connection  with  the  third  factor  mentioned  at  the  outset  of 
this  section,  it  will  be  noted  in  the  foregoing  tables  that  the  fermenta- 
tion data  from  saccharose  solutions,  and  to  a  certain  degree  from  lac- 
tose solutions,  are  variable  to  the  point  of  being  erratic.  Xumerous 
experiments  show  them,  however,  to  be  representative  even  when 
obtained  with  the  same  culture.  That  is  to  say,  there  is  decisive 
evidence  to  show  that  the  variable  results  were  due  to  the  culture 
solutions  and  not  to  the  bacteria  themselves. 

To  explain  fully  these  variations  involves  a  thorough  knowledge 
of  the  chemistry  of  carbohydrates,  and  is  beyond  the  scope  of  this 
paper.     It  is  sufficient  to  state  that  the  explanation,  in  part  at  least, 
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appears  to  be  associated  "with  chemical  changes  (inversion,  etc.)  which 
are  produced  directly  by  the  action  of  heat.  Special  efforts  for  several 
months  were  made  to  obviate  the  disturbing  influence  of  heat,  by 
using  intermittent  sterilization  of  the  solution  at  low  temperature,  Y0° 
C;  the  use  of  sugars  sterilized  by  dry  heat  at  low  temperature  for 
long  periods;  and  by  means  of  adding  the  pure  sugar  dissolved  in 
sterile  water  to  the  broth  after  the  sterilization  of  the  latter.  Xone 
of  these  efforts  were  successful,  and  other  work  caused  an  abandon- 
ment of  these  studies. 

Summing  up  in  brief  terms  the  experience  recorded  in  this  section, 
it  may  be  stated  that  the  quantity  of  gas  formed  in  carbohydrate  solu- 
tions and  the  end  reaction  of  the  solution  are  found  to  be  too  indefinite 
to  be  of  value  in  the  classification  of  bacteria;  and  that  by  the  aid  of 
dextrose  alone  better  (more  decisive)  qualitative  evidence  is  ob- 
tained than  by  the  use  of  dextrose,  lactose  and  saccharose. 

III. THE   TEMPERATURE  AXD  PERIOD   OF  DEVELOPMENT  OF   WATER 

BACTERIA  DURI^XT  CULTIVATION  FOR  CLASSIFICATION  TESTS. 

Temperature  of  Development. — It  is  undoubtedly  true  that,  for  the 
purposes  of  prompt  differentiation  of  bacteria  intimately  associated 
with  the  causation  of  disease,  and  for  detailed  comparative  studies 
of  races  or  varieties  of  a  given  species,  it  is  necessary  that  there  shall 
be  made  comparisons  of  the  results  of  growths  of  cultures  at  substan- 
tially 20°  and  37°  C;  yet,  for  the  classification  of  water  bacteria,  it 
is  our  ex23erience  that  cultivation  at  20°  for  each  set  of  tests  is  suf- 
ficient. Of  course,  it  must  be  learned  whether  or  not  the  bacterium 
will  grow  at  37°  C;  and  this,  according  to  our  present  custom,  is 
obtained  by  means  of  an  agar  plate  culture. 

In  explanation  of  our  departure  from  the  custom  of  employing  both 
20°  and  37°  C.  for  temperatures  of  development,  it  is  to  be  stated  that 
such  was  our  practice,  in  strict  accord  with  the  recommendations  of 
the  Bacteriological  Committee,  during  the  early  part  of  our  work  at 
this  laboratory.  But  soon  we  became  satisfied  that,  for  the  purposes 
of  classification  of  water  bacteria,  the  increase  in  amount  of  definite 
information  obtained  from  cultures  grown  at  37°  C.  was  slight,  and  to 
our  thought  clearlv  incommensurate  with  the  labor  involved.   Further- 
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more,  there  are  substantial  grounds  for  believing  that  at  times  the  data 
obtained  from  the  cultivation  of  water  bacteria  at  37°  C.  are  mis- 
leading, owing  to  inability  by  ready  means  to  distinguish  uniformly 
between  negative  results  from  positive  growths  and  negative  results 
due  to  the  absence  of  growth  caused  by  the  high  temperature.  Such 
data,  even  if  occurring  at  fairly  rare  intervals,  can  lead  ultimately 
only  to  serious  confusion. 

Period  of  Development. — This  portion  of  bacterial  procedures  has 
not  been  standardized  to  the  degree  which  seems  to  be  imperative  for 
those  workers  who  have  in  view  the  object  stated  in  the  introduction 
of  this  paper.  A  standard  period  of  development  involves  the  con- 
sideration of  the  following  factors : 

1.  It  should  not  be  so  short  as  to  exclude  a  considerable  portion  of 
the  definiteness  of  the  recorded  characters  of  the  given  bacterium. 

2.  It  should  not  be  so  long  as  to  add  unnecessarily  to  the  tediousness 
of  the  methods  and  to  difficulties  in  their  applications  to  practical 
problems  of  medical  and  sanitary  science;  nor  increase  the  likelihood 
of  complications  arising  from  contamination  of  the  culture  or  the 
evaporation  of  the  medium ;  nor  force  the  constant  use  of  rubber  caps 
to  protect  the  contents  of  the  tubes,  as  it  is  found  that  such  a  prac- 
tice affects  some  growths  through  the  exclusion  of  oxygen. 

3.  It  must  of  necessity  be  an  arbitrary  limit,  lying  between  the  wide 
extremes  now  employed  by  various  workers,  and  filling  in  a  conserva- 
tive manner  an  intermediate  position  with  reference  to  the  two  factors 
above  stated. 

At  the  outset  of  our  present  studies,  it  was  the  custom  to  keep  all 
cultures  for  four  weeks  before  the  final  descriptions  and  tests  were 
made.  It  was  learned,  however,  after  twenty  bacteria  had  been  care- 
fully studied,  that  substantially  no  changes  of  specific  value  were 
ordinarily  obtained  after  the  tenth  day;  and  it  was  not  until  this 
period  had  elapsed  that  satisfactory  data  in  several  instances  could 
be  obtained  upon  the  liquefaction  of  gelatine,  a  test  which  occupies 
a  prominent  place  in  the  present  bacterial  methods. 

Accordingly,  it  was  decided  to  adopt  ten  days  as  the  standard  period 
of  development  in  our  work,  and  disregard  in  our  classifications  any 
change  which  by  chance  might  be  noted  beyond  that  time,  should 
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the  cultures  be  preserved.  It  is  not  to  be  supposed  that  the  writers 
are  unmindful  of  the  fact  that  in  some  instances  well-marked  changes 
may  take  place  after  the  tenth  day  of  cultivation,  notably  with  refer- 
ence to  chemical  changes  associated  with  fermentation  processes  as  in 
the  case  of  milk;  but  it  is  our  position  that  under  such  conditions 
changes  of  differential  value  are  seldom  obtained,  and  we  are  not  yet 
ready  to  accept  that  they  deal  with  species  rather  than  with  racefe  of 
bacteria,  in  the  present  state  of  bacterial  classification. 

IV. PROCEDURES    DIRECTED    TO    FULFILL    THE    NECESSITY    OF    ARRANGING 

WATER   BACTERIA   IN   GROUPS    AS    A   PRELIMINARY   STEP 
TOWARDS    CLASSIFICATION. 

Irresistibly  bacteriologists  working  in  this  field  have  been  drawn 
towards  efforts  having  for  their  purpose  the  arrangement  of  fairly 
similar  forms  into  subdivisions,  which  facilitate  the  comparative  study 
of  closely  allied  species  or  races  of  bacteria.  Various  workers  have 
referred  to  their  efforts  in  this  direction  as  "  groups,"  "  synopses," 
"  summaries  "  or  "  classes  "  of  the  bacteria  which  they  studied.  The 
importance  of  such  steps,  which  has  been  set  forth  by  a  number  of 
writers  in  the  past  few  years,  is  probably  conceded  by  substantially  all 
workers  in  this  line.  Recently,  the  time-consuming  task  of  arranging, 
so  far  as  practicable,  the  recorded  species  of  bacteria  to  date  into 
twenty-five  classes  was  completed  by  Chester*  and  his  contribution  has 
proven  to  be  very  helpful  to  us. 

^iany  bacteriologists  in  the  past,  if  not  at  the  present  time,  have 
been  inclined  to  move  with  much  slowness  in  efforts  to  arrange  bac- 
teria into  groups,  on  the  ground  that  they  could  not  see  their  way  clear 
towards  a  natural  grouping.  It  is  of  course  true  that  with  present 
methods  of  bacteriology  all  schemes  of  grouping  bacteria  are  purely 
arbitrary;  but  it  is  also  true  that  there  is  no  probability  of  any  one 
ever  devising  a  bacterial  grouping  which  is  natural;  or,  in  the  imme- 
diate present,  one  which  will  be  permanent  and  acceptable  to  all 
workers. 

The  arrangement  of  bacteria  into  groups  is  wholly  a  matter  of  con- 

*  A  preliminary  arraugemeiit  of  the  species  of  the  Genus  Bacterium  by 
Frederick  D.  Chester.  From  Eeport  of  the  Delaware  College  Agricultural 
Experiment  Station,  1897. 
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venience,  undertaken  to  assist  in  niakint;'  coni[):iralive  studies  of  similar 
forms  and  of  data  related  thereto.  AVhiie  it  is  true  that  each  bac- 
teriologist might  have  a  different  method  of  grouping,  which  in  his  own 
hands  Mas  satisfactory  for  the  purpose  to  which  it  was  put,  and  there- 
fore successful,  yet  it  is  obvious  that  a  grouping  used  by  many 
workers  in  common  would  lead  to  more  systematic  results  and  more 
rapid  improvement  of  current  methods. 

According  to  our  experience  the  present  methods  of  grouping- 
water  bacteria  are  not  wholly  satisfactory  for  the  following  reasons: 

1.  The  groups  are  too  many  in  number,  and  depend  for  their  sepa- 
ration upon  results  consequent  upon  immediate  environment,  and 
not  upon  inherent  characteristics  of  a  specific  nature. 

2.  Following  the  views  of  biologists  in  other  fields  the  importance 
attached  to  morphological  data  is  greater  than  justifiable,  and  these 
data  are  used  to  the  exclusion  of  results  of  more  definite  physiological 
tests. 

In  connection  with  the  second  of  these  points,  it  may  be  stated  that 
we  have  had  considerable  difficulty  in  deciding  uniformly  as  to  the 
form  (under  apparently  all  ordinary  conditions)  of  those  very  plump 
bacilli  which  at  one  time  were  specified  as  bacteria,  and  which  could 
quite  properly  be  classed  as  micrococci.  Such  forms  are  quite  preva- 
lent in  some  waters,  although  they  seem  to  include  only  a  very  few 
species.  With  regard  to  spore  formation  and  motility,  we  feel  quite 
sure  of  our  data  upon  these  points  when  we  make  use  of  our  regular 
custom  of  applying  the  heat  test  for  spores,  and  for  motility  when  we 
compare  preparations  in  hanging  drops  of  water  and  of  formaldehyde. 

The  following  tests  are  used  at  this  laboratory  to  obtain  data  for  the 
separation  of  water  bacteria  into  gToups  to  aid  in  their  study  and 
classification. 

1.  Fluorescence  and  chromogenesis. 

2.  Liquefaction  of  gelatine. 

3.  Well-marked  characteristics  of  typical  gelatine  plates. 

4.  Fermentation  of  carbohydrates. 

By  means  of  the  preliminary  cultivation  methods  described  in  Sec- 
tion I  of  this  paper,  the  preparation  of  media  as  referred  to  in 
Section  II,  and  the  standard  temperature  and  period  of  development 
as  outlined  in  Section  III,  the  writers  have  found  that  from  the  four 
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From  tile  :iliovo  sclicdule  tliirtccii  groups  of  water  bacteria  are  oli- 
tained  as  follows: 

Group  T.      All  fliioroseent  forms. 

Group  II.      All  red  chromooenic  forms. 

Group  III.      All  orauge  eliromogenic  forms. 

Group  IV.     All  yellow  eliromogenic  forms. 

Group  Y.     All  violet  chromogenic  forms. 

Group  VII.  All  non-fluorescent,  non-chromogenic,  iiclatiiie-licpie- 
fying  bacteria,  forming  proteus-like  colonies  on  gelatine. 

Group  VII.  All  non-fluorescent,  non-chromogenic,  gelatine-lique- 
fying bacteria,  forming  subtilis-like  colonies  on  gelatine. 

Group  VIII.  All  non-fluorescent,  non-chromogenic,  non-proteus- 
and  non-subtilis-likc  bacteria,  which  liquefy  gelatine  and  ferment 
carbohydrate  with  the  production  of  gas. 

Group  IX.  All  bacteria  conforming  to  the  specified  characteristics 
of  Group  VIII,  except  that  fermentation  of  carbohydrate  takes  place 
without  the  formation  of  gas. 

Group  X.  All  bacteria  conforming  to  the  specified  characteristics 
of  Group  VIII,  except  that  no  fermentation  of  carbohydrate  occurs. 

Group  XI.  All  non-fluorescent,  non-chromogenic,  non-gelatine- 
liquefying  bacteria,  which  ferment  carbohydrates  with  the  iDroductioii 
of  gas. 

Group  XII.  All  bacteria  conforming  to  the  specified  characteris- 
tics of  Group  XI,  except  that  fermentation  of  carbohydrate  takes  place 
without  the  production  of  gas. 

Group  XIII.  All  bacteria  conforming  to  the  specified  characteris- 
tics of  Group  XI,  except  that  no  fermentation  of  carbohydrate  occurs. 

The  features  upon  which  the  above  groups  are  based  we  are  led 
to  consider,  arbitrarily,  as  ''  fixed  characters."  Being  looked  upon 
as  such,  it  becomes  necessary  that  certain  provisions  shall  be  obsers-ed 
in  their  consideration  in  order  that  the  features  true  of  one  group  may 
not  become  diffused  into  the  one  closest  allied.  Chromogenesis,  for 
instance,  upon  which  the  separation  of  four  of  the  above  groups  are 
based,  rarely  appears  the  same  upon  two  different  media  owing  mainly 
to   differences  in  their  composition.     For   obvious   reasons  we   have 
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deemed  it  advisable  to  adopt  a  specific  medium  (or  media)  for  a  given 
observation  and  the  conditions  governing  the  chief  features  of  the 
first  five  groups  are  therefore  briefly  given,  as  follows: 

Group  I. — Fluorescence  should  be  observed  exclusively  in  agar  tube 
cultures;  and,  since  a  given  reaction  will  not  under  all  conditions  be 
found  applicable  to  the  production  of  pigment  for  all  bacteria,  it  is 
necessary  that  agar  of  three  reactions  should  be  used  in  this  test, 
namely,  1.5  per  cent  acid,  neutral,  and  1.5  per  cent  alkaline,  to 
phenolphthalein . 

Groups  II,  III,  IV,  and  V. — The  hues  or  shades  of  color  produced 
by  the  growth  of  certain  bacteria  upon  culture  media  are  well  under- 
stood to  be  admixtures  of  certain  colors.  Most  prominent  among 
these  mixed  colors  is  that  of  yellow  and  its  modifications.  While  the 
reds  and  violets  are  readily  handled,  it  will  require  some  study  to  deal 
eifectually  with  the  yellow  and  orange  chromogens.  We  have  learned 
that  colors  which  are  neither  yellow  nor  orange  must  be  set  aside  and 
placed  among  the  non-chromogenic  forms.  Brown  and  grey-yellow 
colors  frequently  observed  are  instances  of  this  character. 

We  have  found  that  the  most  constant  results  in  the  study  of 
chromogenic  bacteria  are  obtained  from  agar  tube  cultures. 

The  colors  embraced  in  the  above  four  g-roups  may  be  briefly  ex- 
plained as  follows: 

Reel. — That  color  produced  by  B.  prodigiosus  on  agar. 

Yelloir. — That  color  produced  by  the  growth  of  Sarcina  lutea  on 
agar  Avith  the  dividing  line  between  this  and  the  orange  group  at  the 
yellow-ochre  hue  produced  by  the  growth  of  B.  ochraceus  on  agar. 

Orange. — This  color  begins  just  below  the  yellow  ochre.  The 
true  orange  color  is  the  same  as  that  produced  by  the  growth  of  B. 
aurantiacus  on  agar. 

Violet. — The  same  as  that  color  produced  by  the  growth  of  B. 
violaceus  on  agar. 
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V. ON   TIIK   NECKSSrrV  OF   KMI'I.ON  l.\(.    lOK    I'lliPOSES  OF   CLASSIFICATION 

OF  WATER  BACTEKIA  DATA  OF  DEFINITE  (POSITIVE  OR  NEGA- 
TIVE)   INFORMATION,    AND   THE   EXCLUSION    OF   THOSE 
DATA    WHICH   ARE   NOT   SHARPLY    DEFINED 
TO  A   UNIFORM  DEGREE. 

Fpon  studying  (lie  litcvature  of  tlic  diirerentiation  of  water  bac- 
teria, it  is  readily  apparent  to  practically  all  bacteriologists,  as  was 
bronght  out  in  the  instnu'tive  paper  by  Dr.  Wyatt  Johnston,*  that 
the  data  now  available  upon  this  subject  are  weak  and  lacking  in  two 
notable  ways: 

1.  Too  niany  of  the  data,  to  which  a  differential  value  is  given,  are 
so  indefinite  that  there  is  no  assurance  that  the  observations  could  be 
regularly  duplicated  even  by  the  original  worker;  and,  accordingly, 
the  records  of  such  work  when  pu1)lislicd  not  only  fail  to  advance  the 
subject  in  a  substantial  manner,  but  even  complicate  and  confuse 
matters  to  a  serious  degree. 

2.  There  are  too  few  data  which  may  be  called  definite  and  which  all 
experienced  workers  with  good  technique  have  reasonable  expectations 
of  confirming  uniformly. 

Among  the  principal  objects  of  the  work  of  the  Bacteriological 
Committee  in  setting  forth  standard  procedures  was,  by  the  use  of 
uniform  and  improved  methods,  to  increase  the  number  of  definite 
data  by  the  elimination  of  certain  ones  from  the  first  of  the  above 
classes  and  their  transposition  to  the  second  class. 

To  what  degree  these  efforts  will  meet  with  success  can  of  course  be 
told  only  after  the  experience  of  a  large  number  of  workers  has  been 
recorded,  discussed  and  brought  to  a  fairly  agreeing  consensus  of 
opinion. 

As  a  result  of  our  experience  of  the  past  ten  months  in  applying 
the  procedures  of  the  Committee,  the  writers  find  that  in  that  time 
their  views  have  become  somewhat  modified.  We  have  become  im- 
pressed with  the  absolute  necessity  of  placing  the  subject  of  the  classi- 
fication of  water  bacteria  upon  a  basis  such  that  the  systematizatiou 

*  On  Grouping  Water  Bacteria,  Journal  Amer.  Public  Health  Assn.,  Oct.,  1895, 
p.  445. 
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shall  have  for  a  foundation  only  such  data  as  can  be  readily  confirmed 
by  all  capable  workers  employing  standard  methods.  Or,  expressed 
in  the  terms  of  this  paper,  there  must  be  secured  a  foundation  for 
future  work  that  is  made  up  of  the  results  of  tests  which  have  sub- 
stantially 100  for  a  percentage  constancy,  when  the  tests  follow 
promptly  a  course  of  preliminary  treatment  to  eliminate  the  influence 
of  possible  initial  degeneration. 

To  some  it  will  occur  that  such  a  decision  may  lead  to  a  classification 
which  would  be  very  crude  and  fragmentary.  In  a  measure  that  may 
be  true,  but  to  our  thought  the  procedures  of  the  Committee  insure 
sufiicient  tests  of  a  percentage  constancy  of  practically  100  to  lead 
to  a  fairly  satisfactory  set  of  data  for  primary  classification,  and  that 
the  advantage  of  all  bacteriologists  having  a  definitely  located  datum 
point  in  this  work  far  outweighs  at  present  the  objection  of  crudeness. 

The  future  of  those  tests  which  from  our  present  evidence  have  a 
percentage  constancy  materially  less  than  100  is  one  of  much  uncer- 
tainty. Some  of  the  tests  will  probably  have  their  technique  suf- 
ficiently improved  to  be  elevated  to  the  class  yielding  uniformly  defi- 
nite data.  Others  will  probably  have  a  field  of  greatest  usefulness, 
after  more  or  less  modification  in  technique,  in  connection  with  the 
prompt  identification  of  disease  germs,  and  studies  in  the  separation  of 
species  and  varieties,  and  in  tracing  the  life  history  of  bacteria  under 
different  environments  and  from  a  purely  scientific  standpoint.  To 
condemn  them  for  all  time  seems  unjustifiable  at  present,  especially 
as  other  workers  under  other  conditions  may  obtain  different  results. 

With  reference  to  those  tests  which  in  our  hands  at  present  seem 
to  yield  indefinite  results  (with  a  percentage  constancy  of  much  less 
than  100)  we  have  no  further  comment  to  offer  at  this  time;  and  list 
the  more  important  ones  below  with  the  statement  that  from  the 
results  of  our  experience  we  are  not  ready  to  accept  them  as  yielding 
data  of  suificient  definiteness  to  allow  them  uniformly  a  place  at 
present  in  the  classification  of  water  bacteria.  In  every  instance  in 
the  following  list  color  is  regarded  as  independent  of  fluorescence  and 
chromogenesis. 
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LIST  OF  TKSTS   RKCOMMKNDKH   HV   TlIK  B  ACIKKIOUX;  IC  AL   (OMMIT'IEE 

WniCH  HAVE  BEEN  FOUND  TO   YIELD  LESS  TlfAX   100 

FOU  A   PERCENTAGE  CONSTANCY. 

MOKPIIOLOGY. 

Capsulation.  Vacuoles.  Staining  of  spores.  Presence  of  crystals 
Avithin  the  colls.      Pleoniorpliism. 

BIOLOGY. 

Gelatine  Plate. — Size  and  color  of  colonies  and  growth  under  the 
mica  plate. 

Agar  Plate. — Size,  color  and  margin  of  colony. 

Gelatine  Tube. — Color  of  growth. 

Agar  Tube. — Extent,  shape,  margin  and  surface  relief  of  growth. 

Nvtrient  Broth  Tube. — Time  elapsing  before  the  appearance  of 
turbidity,  deposit  and  surface  pellicle.  Color  of  broth.  Appearance 
after  shaking.  Color,  thickness  and  structure  of  pellicle.  Color  and 
amount  of  deposit.     Quantitative  reaction  after  a  stated  period. 

Milk. — Color  of  milk.  Formation  of  gas.  Amount  of  whey. 
Quantitative  reaction. 

Fermentation  Test.  Quantitative. — Reaction  of  solution.  Quan- 
tity of  gas.     Differential  value  of  different  sugars. 

Lactose  Litmus  Agar. — -Change  of  color. 

Potato. — Color,  restriction,  shiny  appearance  and  lustre  of  growth; 
and  formation  of  gas. 

VI.^ THE  ARRANGEMENT   OF  DEFINITE  DIFFERENTIAL  DATA  IN  THE  FORM 

OF  A  CHART,   AS  A  il^VTTER  OF   CONVENIENCE  IN  THE 
CLASSIFICATION  OF  WATER  BACTERIA. 

Excluding  from  the  total  number  of  differential  tests  appearing  in 
the  report  of  the  Committee,  those  which  were  listed  in  the  last  section 
as  insufficiently  definite  and  constant  in  their  value  for  present  pur- 
poses, there  remain  the  data  from  26  tests.  In  the  light  of  our  experi- 
ence these  results  can  be  recorded  as  positive  or  negative,  with  little 
or  no  material  loss  as  to  explicitness  and  with  a  decided  gain  as  to 
convenience  and  uniformity  of  expression.      From  our  studies  of  the 
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literature  upon  this  subject  \xe  are  convinced  that  the  hitter  point  is 
no  small  one,  owing  to  the  great  tendency  of  the  obsen^er  to  associate 
his  point  of  view  and  his  style  as  a  writer  with  his  text  descriptions. 

The  method  of  recording  the  results  of  the  leading  tests  in  positive 
or  negative  terms  allows,  of  course,  the  use  of  plus  or  minus  signs. 
Early  in  the  work  at  the  laboratory  a  chart  was  prepared  showing  the 
results  of  the  species  work  as  it  advanced,  and  permitting  the  main 
bulk  of  the  work  to  be  presented  in  a  concise  and  convenient  manner. 
,  The  heading  and  arrangement  of  this  chart,  together  with  the 
records  of  the  differential  characters  of  42  species  of  bacteria  isolated 
from  the  Ohio  River  water  at  Cincinnati,  are  presented  at  the  end  of 
this  article.  The  chart  presents  in  explicit  terms  the  principal  records 
of  each  species  isolated.  It  also  makes  simple  the  task  of  showing 
wherein  similar  species  differ  from  each  other.  Furthermore,  by  pre- 
paring a  chart  showing  the  record  of  each  distant  species  met  with,  it 
is  easy  to  note  whether  or  not  any  species  subsequently  found  agrees 
with  others  previously  studied.  By  making  the  current  records  on  a 
chart  of  the  same  size  and  folding  it  so  that  the  records  of  the  given 
form  under  study  appears  on  the  top  line,  a  glance  of  the  eye  is  suf- 
ficient to  show  with  which  species  it  is  identical,  if  v/ith  any. 

In  connection  with  this  chart,  which  is  of  much  assistance  in  classi- 
fying water  bacteria  according  to  the  reliable  methods  now  available, 
it  of  course  is  not  to  be  understood  that  it  necessarily  would  serve  that 
purpose  as  the  subject  advances,  especially  as  consideration  is  given  to 
questions  of  races  versus  species.  It  is  possible,  however,  that  it  may 
be  amplified  to  serve  that  purpose  for  some  time. 

March,  1899. 
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BACILLUS  PYOCYANEUS  AA'D  ITS  PIGMENTS. 

By  EDWIN  O.  JORDAN,  I'H.  D. 
(Frnm  the  Bdctrriologlcnl  Laboratory  of  the  University  of  Chi^cayo.) 

The  blue  or  Llue-grcen  stains  that  sometimes  appear  upon  snrgical 
dressings  long  ago  attracted  the  attention  of  observers  and,  even  before 
the  cause  of  the  phenomenon  had  been  discovered,  Eordos*  carried 
out  some  important  investigations  upon  the  nature  of  the  coloring 
substance.  In  1882  Gessardf  proved  that  the  color  is  produced  by 
a  bacillus  (B.  pyocyaneus)  which  he  was  able  to  isolate  in  pure  culture, 
and  whose  morphological  and  physiological  characters  he  carefully 
described.  Since  Gessard's  discovery,  B.  pyocyaneus  has  been  fre- 
quently subjected  to  the  crucible  of  experiment,  and  its  biological 
peculiarities  have  been  scrutinized  with  a  degree  of  minuteness  not 
yet  exercised  in  the  study  of  most  microorganisms. 

Attempts  to  determine  the  nature  of  the  pigment,  and  the  condi- 
tions under  which  the  chromogenic  property  is  manifested  have  not, 
however,  led  to  concordant  results.  At  one  extreme  we  find  an 
investigator:!:  who  maintains  that  only  one  pigment  is  formed  by  the 
different  "  races  "  or  "  varieties,"  and  that  this  pigment  is  identical 
with  the  ordinary  blue-green  fluorescent  substance  produced  by  the 
growth  of  a  number  of  common  water  bacteria,  and  who  also  is  of 
opinion  that  the  several  "  races  "  differ  chiefly  in  their  power  to  pro- 
duce ammonia,  a  substance  that,  like  other  alkalies,  modifies  the  color 
of  the  fluorescent  pigment;  at  the  other  extreme  we  find  observers§ 
who  claim  that  one  and  the  same  variety  of  B.  pyocyaneus  is  able  to 
produce  as  many  as  four  distinct  pigments,  black,  blue,  green  and 

*  Compt.  rend.  Acad,  dcs  sciences,  1860,  li,  p.  215. 
f  La  pjocvanine.  These.     Paris,'  1882. 

t  Thumm,  Beitrage  zur  Biologie  der  fluorescierenden  Bakterien,  Arb.  a.  d. 
Bad.  Inst.  d.  teclin.  Hochschulc  zn    Karlsndie,  189.5,  i.  291. 

§  Charrin  and  de  Nittis,  Compt.  rend.  8oc.  de  MoL,  1898,  10.  s.,  v,  721. 
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yellow,  at  the  same  time  and  in  the  same  culture  medium ;  while 
between  these  extreme  positions  are  found  some  investigators  who 
hold  to  the  existence  of  different  races  or  varieties  of  B.  pyocyaneus, 
each  race  being  characterized  by  the  ability  to  produce  a  different 
pigment  or  pigments;  there  are  also  some  who  maintain  that  by  vary- 
ing the  nutrient  substratum  one  and  the  same  race  may  be  compelled 
to  form  differently  colored  metabolic  products. 

In  the  existing  chaotic  condition  of  bacterial  classification  and 
description,  it  behooves  all  investigators  to  move  circumspectly  in  the 
matter  of  identifying  the  "  species  "  or  "  races  "  with  which  they  are 
working,  and  in  the  present  instance  I  have  thought  it  desirable  to 
describe  with  some  fulness  the  cultures  that  I  have  employed.* 

I  have  made  use  in  all  of  seven  cultures.  All  these  have  certain 
characteristics  in  common:  The  bacteria  are  small  bacilli  with 
rounded  ends,  and  for  the  most  part  average  from  0.3//-0.5/^.  in  breadth 
by  l/<-2/'  in  length,  but  there  is  considerable  variation  upon  different 
media,  and  these  dimensions  are  frequently  exceeded  in  one  and  the 
same  culture.  They  are  sometimes  grouped  in  short  chains,  but  are 
usually  single.  All  are  actively  motile.  Spores  have  never  been 
observed.  The  bacilli  stain  readily  with  the  ordinary  aniline  dyes, 
but  lose  the  stain  when  treated  by  Gram's  method.  Growth  under 
the  mica  plate,  when  it  occurs  at  all,  is  very  scanty,  and  none  of  the 
cultures  produces  pigment  in  the  absence  of  oxygen.  All  grow  more 
luxuriantly  at  37.5°  C.  than  at  the  room  temperature.  Gelatin  is 
liquefied  by  all.  The  origin  of  the  various  cultures  was  as  follows: 
Four,  designated  respectively  as  "  B.  pyocyaneus  a,  Gessard,"  "  B. 
pyocyaneus  f^,  Ernst,"  "  B.  pyocyaneus  pericarditidis  "  and  "  B.  pyo- 
cyaneus }',  Treudenreich,"  were  sent  to  me  from  Krai's  collection ; 
one  C'  B.  pyocyaneus,  Mich.")|-  was  sent  to  me  through  the  kindness 
of  Dr.  jSTovy  of  Ann  Arbor;  one  ("  B.  pyocyaneus,  Albany")  was 
obtained  at  an  autopsy  "  from  a  focus  of  broncho-pneumonia  "  (Jan., 
1899)  and  was  sent  to  me  through  the  courtesy  of  Dr.  George  Blumer 

*  I  am  indebted  to  Mr.  H.  E.  Davies  and  Mr.  E.  E.  Irons  for  assistance  in 
the  study  of  these  cultures. 

t  Dr.  Novy  informs  me  that  the  parent  culture  was  brought  by  him  from 
the  Berlin  Hygienic  Institute  in  1888. 
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i»1'  the  Ju'iidcr  Jlviiifiiic  LiiKniaicrv ;  ;iiitl  one  ('*  11  pyocyancus, 
Kusb  ■')  was  furnished  me  tlnoiigh  the  kindness  of  Mr.  Danielson  of 
tlie  Rush  Medical  College  and  was  originally  obtained  (March,  1898) 
from  the  body  of  a  guinea-pig  that  had  died  after  inoculation  with  a 
fragment  of  diphtheritic  membrane. 

These  cultures,  while  agreeing  in  certain  points,  showed  among 
themselves  differences  which,  though  in  some  respects  trivial,  haAC 
proved  fairlj'  constant  and  characteristic.  All  the  cultures,  except 
B.  pyocyaneus,  Albany,  have  been  in  my  possession  for  at  least  a 
year.  Save  where  otherwise  indicated,  I  have  employed  the  methods 
recommended  l)y  the  Bacteriological  Committee.* 

As  regards  morphological  characters,  I  have  been  able  to  detect 
few  uniform  or  significant  differences.  Variations  in  dimensions 
and  gi'ouping  similar  in  character  and  extent  to  those  commonly  dis- 
played among  the  varieties  of  the  colon  bacillus  have,  however,  been 
observed.  For  example,  B.  pyocyaneus,  Albany,  when  grown  on 
potato,  develops  larger  forms  and  shows  a  greater  tendency  to  form 
chains  than  the  other  varieties.  B.  pyocyaneus  /'  displays  a  tendency 
both  in  broth  and  on  potato  to  form  short  chains,  and  takes  the  stain 
more  evenly  than  in  the  other  cultures.  B.  pyocyaneus  ,^  is,  on  the 
average,  not  so  large  as  the  other  bacilli. 

I  have  observed  no  noteworthy  differences  in  respect  to  behavior 
toward  stains.  All  the  cultures  stain  somewhat  irregularly  when 
treated  with  Loffler's  methylene-blue,  a  point  I  have  not  seen  men- 
tioned by  other  observers.  Xone  of  the  seven  cultures  hold  the 
stain  when  treated  by  Gram's  method;  on  this  head  my  observations 
accord  completely  with  those  of  Ruzicka.f 

Gelatin. — In  the  growth  upon  gelatin  plates  I  have  been  able  to 
discover  no  salient  and  constant  differences  in  either  the  macroscopic 
or  microscopic  appearances  of  the  colonies,  although  differences  in 
the  rapidity  of  growth  and  of  liquefaction  can  be  noticed.  Diver- 
gences in  growth  upon  gelatin  are  best  seen  in  stab-cultures.  The 
most  rapid  liquefaction  occurs  with  B;  pyocyaneus  a,  but  B.  pyocya- 

^  Journ.  Amer.  Pub.  Health  Assoc,  Jan.,  1898. 
j  Archiv  f.  Hyg.,  1899,  xxxiv,  p.  153. 
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neuSj^",  pericarditidis,  and  Albany  are  not  far  behind.  B.  pyocyaneus, 
Rush,  grows  at  first  somewhat  more  slowly,  but  in  about  7  days  over- 
takes the  others  and  in  15  days  outstrips  them  all.  B.  pyocyaneus, 
Mich.,  always  lags  behind  the  five  already  mentioned  and  the  rear 
is  brought  up  by  B.  pyocyaneus  y,  which  liquefies  the  gelatin  most 
tardily.  In  all  the  cultures  except  B.  pyocyaneus  /'  the  liquefaction 
is  at  first  superficial,  a  shallow,  saucer-shaped  depression  forming 
slowly  and  then  gradually  extending  to  the  sides  of  the  tube.  The 
liquefied  gelatin,  which  is  more  or  less  colored,  is  sharply  separated 
by  a  horizontal  line  from  the  unaltered  medium  below;  some  gTOwth 
takes  place  along  the  inoculation  line,  but  at  first  little  or  no  lique- 
faction. Later,  however,  considerable  liquefaction  occurs  along  the 
inoculation  line  in  B.  pyocyaneus.  Bush,  Albany  and  /?.  The  growth 
of  B.  pyocyaneus  y  is  of  the  stocking-shaped  variety  from  the  start, 
and  even  after  15  days'  liquefaction  has  not  reached  the  walls  of  the 
test-tube.  In  all  a  pellicle  is  formed  on  the  surface  of  the  liquefied 
gelatin ;  this  is  most  marked  in  the  case  of  B.  pyocyaneus,  Mich. 

Agar.- — Upon  sloped  agar  there  are  few  important  divergences. 
The  features  most  worthy  of  note  are  shown  by  B.  pyocyaneus,  Rush ; 
this  culture  forms  a  very  thin,  delicate  film  which  rapidly  covers  the 
whole  surface  and  has  a  pronounced  metallic  lustre.  In  the  other 
cultures  the  surface  growth,  which  is  projecting,  is  of  a  dull  yellowish- 
white. 

Br^oth. — In  ordinary  peptonized  meat  broth  of  the  standard  reaction, 
kept  at  37.5°  C,  B.  pyocyaneus,  Rush,  is  the  first  to  produce  a  pig- 
ment. The  broth  is  rendered  turbid  by  all  the  species  and  a  heavy 
flocculeut  sediment  is  formed;  a  surface  pellicle  is  produced  by  all, 
but  is  more  tenacious  in  the  cultures  of  B.  pyocyaneus,  Mich.,  than  in 
the  others. 

Potato. — Interesting  differences  appear  in  the  growth  upon  potato. 
The  growth  is  luxuriant,  dry,  projecting  and  of  a  chocolate  brown 
color  in  four  cases,  viz. :  B.  pyocyaneus,  Mich.,  y,  ,i,  and  pericarditidis. 
The  gTowth  produced  by  B.  pyocyaneus  a  is  moist  and  glistening,  but 
in  other  respects  resembles  that  of  the  four  cultures  already  men- 
tioned.    The   potato   itself  is  not   discolored  by  these   five  species. 
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B.  pyocyaneiis,  Ivusli,  however,  colors  the  potato  a  beautiful  deep 
blue  and  B.  pyocyaneus,  Albany,  imparts  to  it  a  greenish  hue,  the 
color  in  the  latter  ease  devel<i])inn  less  rapidly  and  never  becoming 
so  intense  as  in  the  former.  The  growth  of  B.  pyocyaneus.  Rush, 
is  more  spreading  and  less  projecting  than  the  others. 

The  "chameleon  phenomenon,"  as  it  Avas  termed  by  \\  l'',rnst,''''  is 
manifested  by  B.  pyocyaneus.  Rush,  but  by  none  of  the  (it hers.  Tlic 
chameleon  phenomenon,  it  will  be  remembered,  consists  in  the  change 
of  color  observed  when  the  growth  upon  potato  is  touched  with  a 
platinum  needle.  Tt  depends  doubtless  on  the  well-known  fact  that 
a  substance  is  produced  by  the  growth  of  the  bacillus  which  In-  con- 
tact with  the  air  is  oxidized  to  the  blue  pigment  known  as  pyocyanin. 
The  shifting  play  of  tints  seen  when  a  colony  is  touched  is  due  to  the 
conflicting  action  of  the  atmospheric  oxygen  and  of  the  reducing  sub- 
stances doubtless  present  among  the  metabolic  products  of  the  bacillus. 
The  exposure  of  the  pyocyanigenic  substance  to  the  air  affords  an 
opportunity  for  the  development  of  the  blue  color.  I  may  here 
anticipate  the  remainder  of  this  paper  so  far  as  to  state  that  my 
observations  indicate  that  the  reason  for  the  appearance  of  the 
chameleon  phenomenon  in  some  races  of  B.  pyocyaneus  and  not  in 
others  lies  in  the  varying  degree  in  which,  pyocyanin  is  produced. 
Those  races  that  produce  pyocyanin  vigorously  and  abundantly  mani- 
fest the  "chameleon  phenomenon;"  others,  in  which  the  pyocyani- 
genic function  is  weaker  or  altogether  absent,  are  unable  to  display 
this  peculiarity. 

Indol. — Only  two  of  the  cultures  possess  the  power  of  forming 
indol  in  any  quantity  in  Smith  broth ;  these  are  B.  pyocyaneus,  Rush, 
and  B.  pyocyaneus,  Mich.,  the  former  showing  itself  much  the  more 
vigorous  in  this  particular.  B.  pyocyaneus,  Albany,  produced  a  very 
slight  amount  of  indol  and  the- other  four  never  gave  a  positive  reac- 
tion. An  attempt  was  made  to  accentuate  or  develop  the  indol- 
foi-ming  power  by  passing  the  organism  through  a  succession  of  pep- 
tone cultures  according  to  tbe  method  suggested  by  Peckham,!  but 

*  Zeitschr.  f.  Hijg.,  ii,  p.  369. 

t  Journal  of  E.rperhnental  Medicine,  1S97,  ii.  p.  549. 
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without  avail  so  far  as  tlie  awakening  of  anv  latent  indol-forming 
power  was  concerned.  A  few  such  transfers,  however,  exalted  per- 
ceptibly the  indolfacient  power  of  B.  pyocyaneus,  Rush,  and  to  a 
lesser  degree  that  of  B.  pyocyaneus,  Mich.  Freshly  isolated  cultures 
of  B.  pyocyaneus  are,  in  general,  recorded  as  yielding  a  positive  indol 
reaction.* 

3fiIJv. — All  the  cultures  curdled  litmus  milk  at  37.5°  in  about  2 
days.  B.  pyocyaneus  y,  however,  was  usually  24-36  hours  behind 
the  other  cultures.  The  color  of  the  litmus  was  discharged,  but  on 
testing  the  reaction  of  the  milk  at  the  expiration  of  2  days,  and  again 
after  10  days,  it  was  found  alkaline  in  all  cases.  When  the  cultures 
were  allowed  to  stand  the  casein  was  slowly  digested.  Control  tubes 
showed  no  change.  At  the  room  temperature  the  action  upon  milk 
was  similar,  but  less  rapid  than  in  the  thermostat,  curdling  not  begin- 
ning until  after  the  lapse  of  5  or  6  days. 

Beduction  of  Nitrates. — In  nitrate  broth  B.  pyocyaneus.  Rush, 
reduced  nitrates  to  nitrites  quickly  and  completely;  B.  pyocyaneus  a 
showed  a  much  slighter  reducing  power,  and  the  other  five  cultures 
gave  a  negative  reaction.  Sewerinf  observed  active  reduction  of 
nitrates  in  a  culture  of  B.  pyocyaneus  recently  isolated  by  himself 
from  horse-dung.  Dyar:}:  observ'ed  reduction  of  nitrates  in  a  culture 
of  "  B.  pyocyaneus  "  from  the  laboratory  collection  and  found  also 
that  a  culture  of  "  B.  fl.  liquefaciens ''  reduced  nitrates  well,  but  not 
completely;  while  another  culture  found  in  the  exudate  from  a  sick 
lepidopterous  larva  resembled  the  latter  in  all  respects  except  in  not 
reducing  nitrates.  Thumm§  and  Ruzicka,  jj  two  of  the  investigators 
who  have  recently  carried  out  extended  comparative  studies  upon  this 
grouji  of  organisms,  make  no  statements  regarding  reduction  of 
nitrates. 

Production  of  Gas. — jSTone  of  the  cultures  produced  gas  in  2  per 
cent  glucose  broth  in  the  fermentation  tube. 

*  Cf.  e.  g-.  Ei^zicka,  Arch.  f.  Eyg.,  1899,  xxxiv,  p.  162,  and  Lartigau,  Journal 
of  Experimental  Medicine,  1898,  iii,  p.  604. 

t  CentraM.  f.  Bakt.,  II.  Abth.,  1897,  iii,  p.  504. 

I  Annals  of  N.  T.  Acad,  of  Sciences,  1895,  viii,  p.  323. 
§  Op.  cit. 

II  Op.  cit. 
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l'if)im')il  J^rodmh'oii.- — It  is  in  cniuicction  with  tlio  production  of 
pigment  that  the  most  interesting,  and,  in  some  respects,  the  most 
significant  differences  among  my  seven  cultures  are  to  be  noted.  Om- 
culture  (T3.  pyocyaneus,  Ixush)  produced  only  one  pigment,  the 
tyjiical,  unmistakable  pyocyanin;  the  other  six,  with  the  exception  of 
B.  pyocyaneus  ;',  produced  both  pyocyanin  and  fluorescent  ]>ignient; 
the  variety  labelled  B.  pyocyaneus  y,  when  it  first  came  into  my  pos- 
session, produced  only  the  fluoi-cscent  pigment,  and  during  the  year 
in  which  I  have  had  it  under  observation  it  has  lost  the  power  of 
forming  any  pigment  at  all,  and  none  of  the  efforts  I  have  made  to 
restore  this  power  by  growing  the  organism  in  media  known  to  V»e 
favorable  to  the  fluorescigenic  property  has  yet  proved  successful. 

I  have  made  a  rather  detailed  study  of  the  conditions  nnder  wdiich 
the  pigments  are  produced. 

Fluorescent  Pigment. — The  general  conditions  that  permit  the 
formation  of  the  blue-green  fluorescent  piginent  are  exactly  similar 
to  those  that  I  have  elsewhere  described*  as  necessary  to  the  mani- 
festation of  this  property  by  other  bacteria  of  the  same  group.  The 
presence  of  both  phosphate  and  sulfate  is  essential;  the  associated 
cation  is  a  matter  of  indifference — sodium,  potassium  or  magnesium 
being  equally  available.  Asparagin,  ammonium  succinate,  ammo- 
nium lactate  and  ammonium  citrate  all  proved  suitable  for  the  devel- 
opment of  the  fluorescent  pigment,  f  In  ammonium  urate  solution 
(amm.  urate,  0.05  per  cent)  a  small  amount  of  pigment  was 
produced  by  the  cultures  designated  as  B.  pyocyaneus  a  and 
B.  pyocyaneus,  Mich.,  but  the  others  gave  only  the  merest  trace 
of  color.  In  ammonium  acetate  solution  B.  pyocyaneus,  Albany, 
B.  pyocyaneus,  Mich.,  B,  pyocyaneus  a,  B.  pyocyaneus  ;^  and  B. 
pyocyaneus  pericard.  produced  pig-ment  abundantly.  Solutions  of 
ammonium  tartrate,  oxalate  and  formate  proved  entirely  unfavorable 
for  the  production  of  the  fluorescent  pigment,  none  of  the  species 
employed  being  able  to  form  any  pigment  whatsoever  in  media  con- 

*  Botanical  Gazette,  xxvii,  Jan.,  1899,  p.  19. 

t  The  standard  solution  used  contained  in  each  case  0.5  jier  cent  of  the 
ammonium  salt  and  0.1  per  cent  each  of  neutral  sodium  phosphate  and 
magnesium  sulfate. 
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stnicted  from  these  salts.  In  the  ammoniiim  tartrate  solution,  abun- 
dant growth  occurred  in  the  culture  of  B.  pyocyaneus  perieard.  and 
B.  pyocyaneus,  Albany,  and  a  somewhat  less  abundant  growth  in  the 
culture  of  B.  pyocyaneus,  ^lich.  In  no  case,  however,  was  any  pig- 
ment formed.  To  put  the  whole  matter  concisely,  the  study  of  five 
varieties  of  B.  pyocyaneus  which  produce  fluorescent  pigment  in  suit- 
able media  has  entirely  confirmed  the  conclusions  arrived  at  in  my 
previous  ivorh  upon  the  produciion  of  fluorescent  pigment  hy 
ho^cteria.^ 

Pyocyanin .- — In  spite  of  the  inability  of  Thummf  during  his  ex- 
tended study  of  pigment  production  to  discover  any  evidence  for  the 
existence  of  pyocyanin,  there  is  no  doubt  whatever  that  a  blue  pigment 
with  definite  optical  and  chemical  characters  is  formed  by  some  bac- 
teria belonging  to  the  same  group  of  organisms  that  Thumm  studied. 
The  cause  of  Thumm's  failure  will  be  made  clear  presently.  All  the 
cultures  that  I  have  worked  with,  excepting  the  undoubtedly  degen- 
erate B.  pyocyaneus  j',  have  formed  pyocyanin,  although,  in  varying 
degrees  and  under  different  conditions.  The  blue  pigment  termed 
pyocyanin  can  be  readily  distinguished  from  the  blue-green  fluores- 
cent pigment.  It  is  soluble  in  chloroform  while  the  fluorescent  pig- 
ment is  not;  viewed  by  artificial  light,  pyocyanin  is  as  brilliant  and 
distinct  as  by  daylight,  while  the  fluorescent  pigment  loses  its  vivid 
emerald  green  tint  altogether  and  appeal's  a  dim  muddy  yellow. 
Either  of  these  tests  for  the  detection  of  pyocyanin  in  the  presence 
of  the  fluorescent  pigment  can  be  applied  very  simply.  A  small 
amount  of  chloroform  shaken  up  with  a  fluid  culture  becomes,  within 
a  few  seconds,  a  deep  blue  if  pyocyanin  be  present.  If  cultures 
when  viewed  by  daylight  appear  to  contain  nothing  but  the  fluores- 
cent pigment — as  under  certain  conditions  was  the  case  with  B. 
pyocyaneus  a  and  B.  pyocyaneus,  Albany — pyocyanin  can  be  easily 
detected  by  viewing  the  cultures  under  gaslight,  when  any  pyocyanin 
present  will  be  plainly  seen  owing  to  the  blotting  out  of  the  fluores- 
cent substance  that  in  daylight  effectually  screens  the  other  pigment. 

"Botanical  Gazette,  Jan.,  1S99. 
t  Op.  cit.,  p.  367. 
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Another  will-kiinu  n  ililVnvncc  bolweon  the  piguients  may  also  he 
mcntiuiied  here.  JVoevaiiiu  turns  red  when  treated  with  acid,  while 
the  fluorescent  suhslance  becomes  colorless,  both  pigments  regaining 
their  original  hue  when  the  solution  is  again  rendered  alkaline.  In 
all  the  cultures  that  I  have  worked  with,  pyocyanin  is  produced  more 
slowly  than  the  fluorescent  pigment.  B.  pyocyaneus,  Rush,  develops 
pyocyanin  at  the  room  temperature  only  after  three  to  four  days' 
growth,  while  the  races  that  produce  the  fluorescent  pigment  at  all 
vigorously  show  color  24-48  hours  earlier. 

One  of  the  races  that  I  have  used  for  experiment,  B.  pyocyaneus, 
Rush,  docs  not  produce  the  fluorescent  pigment,  and  for  this  reason 
has  been  particularly  serviceable  for  the  study  of  the  conditions  under 
which  pyocyanin  is  produced.  In  ammonium  succinate  or  asparagin 
solutions,  prepared  according  to  the  formulse  given  above,  pyocyanin 
is  produced  abundantly,  and  I  have  found  that  after  ten  transfers 
in  ammonium  succinate,  made  at  intervals  of  6-8  days,  the  power  of 
this  race  to  form  pyocyanin  persists  unimpaired,  and  at  the  end  is 
manifested  as  energetically  as  at  the  beginning.  This  race  also  pro- 
duces pyocyanin  in  lactate,  acetate,  and  citrate  solutions.  A  very 
faint  blue  tinge,  due  to  pyocyanin,  appears  in  the  urate,  but  in  the 
solutions  of  tartrate,  oxalate  and  formate  no  pigment  at  all  is  formed, 
although  a  very  good  growth  occurs  in  both  tartrate  and  oxalate 
media.  Pyocyanin  is  also  formed  by  this  race  in  beef  broth  and  upon 
ordinary  nutrient  gelatin  and  agar. 

Upon  testing  the  behavior  of  the  other  varieties  in  the  several 
media  interesting  differences  came  to  light.  B.  pyocyaneus,  Mich., 
and  B.  pyocyaneus,  Albany,  produced  both  pyocyanin  and  fluorescent 
pigment  in  succinate,  lactate,  acetate  and  citrate  solutions,  while  B. 
pyocyaneus  cc^  B.  pyocyaneus  ;3'  and  B.  pyocyaneus  pericard.  produced 
only  the  fluorescent  pigment  in  these  media,  and  did  not  develop  any 
pyocyanin  even  after  30-40  days'  growth.  In  the  urate  solution  a 
small  amount  of  fluorescent  pigment,  but  no  pyocyanin,  was  formed 
by  B.  pyocyaneus,  Mich.,  and  B.  pyocyaneus  a;  B.  pyocyaneus /5  did 
not  form  any  pigment  although  rendering  the  solution  turbid. 
Xeither  pyocyanin  nor  fluorescent  pigment  was  formed  by  these  four 
races  in  tartrate,  citrate  oi-  formate  media. 
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In  standard  beef  broth  B.  pyocyaneus,  Mich.,  and  B.  pyocyaneus, 
Albany,  prodnced  pyocyanin  scantih',  and  the  other  three  races 
formed  only  a  small  amonnt  of  fluorescent  pigment.  In  broth  from 
which  the  muscle  sngar  has  been  removed  by  Smith's  method  of  inocu- 
lation Avith  B.  coli  the  fluorescent  pigment  is  produced  much  more 
abundantly,  but  I  have  not  observed  so  great  a  difference  in  the  forma- 
tion of  pyocyanin.  B.  pyocyaneus,  Rush,  produces  some  pyocyanin 
in  broth  to  which  2  per  cent  of  glucose  has  been  added,  but  the  pig- 
ment appears  more  slowly  than  in  Smith  broth  and  the  culture 
assuraes  a  yellow  tinge.  B.  pyocyaneus,  Mich.,  also  produced  some 
pyocyanin  in  a  solution  composed  of  0.2  per  cent  asparagin;  0.2  per 
cent  glucose;  and  1  per  cent  potassium  sulfate.  IsTicolle  and  Zia  Bey* 
note  that  their  cultures  produced  the  blue  pigment  in  "  milieux 
sucres." 

In  nutrient  gelatin  all  five  cultures  produced  both  pyocyanin  and 
the  fluorescent  pigment ;  this  is  the  only  medium  I  have  yet  found  in 
which  B.  pyocyaneus  a,  B.  pyocyaneus /5  and  B.  pyocyaneus  pericard. 
form  pyocyanin. 

Further  experiments  have  been  made  with  the  three  races  capable 
of  forming  pyocyanin  in  non-proteid  media  with  a  view  of  determining 
the  chemical  elements  essential  to  this  activity,  f  The  conditions  are 
distinctly  different  from  those  governing  the  production  of  the  fluor- 
escent substance.  ISTeither  sulfate  nor  phosphate  is  essential.  In  a 
nutrient  solution  composed  of  asparagin,  0.2  per  cent;  magnesium 
sulfate,  0.1  per  cent;  sodium  chloride,  0.5  per  cent,  B.  pyocyaneus, 
Eush,  produced  pigment  almost  as  abundantly  and  rapidly  as  in  a 
standard  sulfate-phosphate  solution,  and  the  pyocyanigenic  power 
was  not  perceptibly  weakened  during  four  transfers  in  the  same 
medium.  The  same  thing  proved  true  of  B.  pyocyaneus,  Mich.  If 
only  one  salt,  as  sulfate  alone  or  phosphate  alone,  was  used  with  the 
asparagin  some  pyocyanin  was  formed,  but  the  amount  in  such  cases 
was  much  less  than  under  conditions  more  favorable  to  the  multi- 

*  Ann.  de  rinst.  Pasteur,  1896,  x,  p.  670. 
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plication  of  the  organism,  althoiigh  i.ven  in  a  pnrc  1  per  cent 
asparagin  solution  some  pyocyanin  is  formed  by  the  three;  races 
named.  It  is  entirely  clear,  therefore,  that  the  pyoeyanigcnic  proj)- 
erty  is  in  a  sense  more  intimately  bound  up  with  the  life  processes  of 
these  organisms  than  is  the  fluorescigenic,  since  it  is  less  dependent 
npon  the  presence  of  definite  chemical  compounds  in  the  culture 
medium.  Gcssard^'  has  also  noticed  the  production  of  pyocyanin  in 
a  medium  to  which  no  phosphate  was  added,  but  is  inclined  to 
attribute  it  to  the  presence  of  small  traces  of  phosphate  carried  over 
in  the  first  sowing.  This  is  of  course  possible,  but  the  amount  of 
phosphate  in  such  a  solution  must  be  exceedingly  small  and  the 
pyoeyanigenic  power  of  the  organism  certainly  shows  no  such  abject 
dependence  upon  the  presence  of  this  salt  as  is  manifested  in  the  case 
of  the  fluorescent  pigment.  In  a  medium  containing  0.2  per  cent 
asparagin,  0.1  per  cent  magnesium  sulfate,  and  0.001  per  cent  of 
neutral  sodium  phosphate  B.  pyocyaneus,  Mich.,  produces  both  pyo- 
cyanin and  fluorescent  pigment.  If  the  phosphate  be  altogether 
omitted  pyocyanin  alone  is  formed,  and  continues  to  be  formed  for 
at  least  four  generations  of  successive  transfers,  which  is  as  far  as  I 
have  followed  it  in  this  species.  The  medium  is  prepared  from  re- 
crystallized  C.  P.  salts  as  free  from  phosphate  as  possible,  and  does 
not  respond  to  the  delicate  phosphomolybdate  test.  Thummf 
refers  to  Gessard's  statement  regarding  the  appearance  of  a 
blue  color  in  the  absence  of  phosphate  and  asserts  that  he  has 
observed  the  same  phenomenon  in  cultures  of  all  the  fluorescent  bac- 
teria that  he  has  studied  and  explains  the  effect  in  this  way:  "  Diese 
Tarbungen  sind  jedoch  nie  auf  Pyocyaninbildung  sondem  einfach 
auf  Lichtbrechungserscheinungen  zuriickzufuhrcn,  indem  jede  leicht 
getriibte  Fliissigkeit  einen  blauen  Schimmer  zeigt."  Such  an  expla- 
nation in  respect  to  the  effects  that  I  have  observed  is  totally  inad- 
missible, since  I  have  demonstrated  the  presence  of  pyocyanin  by  all 
the  applicable  tests.  Thumm's  failure  to  obtain  any  pyocyanin  here 
and  in  his  other  experiments  with  non-proteid  media  undoubtedly  lay 
in  the  fact  that  the  races  with  which  he  worked,  whatever  might  have 

*A«H.  de  rinst.  Pasteur,  1892,  vi,  p.  SIO. 
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been  their  earlier  history,  at  the  time  of  his  investigation  were  unable 
to  produce  pyocyanin  in  media  constructed  from  ammonium  salts. 
Three  of  the  races  in  my  possession  show  this  same  incapacity  and  the 
fact  should  be  noted  that  they,  like  the  races  employed  by  Thumm, 
had  been  for  some  time  under  artificial  cultivation  and  were  perhaps 
obtained  from  the  same  laboratory.  One  of  Thumm's*  races 
seems  to  have  behaved  exactly  like  my  own  culture  of  "  B. 
pyocyaneus  ;'"  in  losing  its  power  to  produce  even  the  fluorescent  pig- 
ment after  it  came  into  his  possession. 

Gessardf  is  inclined  to  lay  great  stress  upon  the  production  of 
pyocyanin  in  very  simple  media.     "  La  fonction  essentielle  du  l)acille 

pyocyanique  est  done  la  fonction  pyocyanogene C'est  a  bon 

droit  qu'elle  entre  dans  son  nom  specifique.  C'est  celle  dont  ne  le 
separent  pas  meme  ces  conditions  precaires  d' existence,  cette  veritable 
misere  physiologique  qui  aboutit  a  la  mort,  apres  un  petit  nombre  de 
generations  dans  le  milieu  depourvu  de  phosphate.  L' autre  fonction 
est  surajoutee;  elle  n'est  pas  essentielle."  I  see  no  reason  for  estab- 
lishing so  sharp  a  distinction  between  the  pyocyanigenic  and  the 
fluorescigenic  function.  It  can  hardly  be  doubted  that  cultures  like 
B.  pyocyaneus  a  and  B.  pyocyaneus  /?,  which  at  present  produce  fluor- 
escent pigment  but  no  pyocyanin  in  ammonium  succinate  solutions, 
are  merely  modified  descendants  of  races  which  when  first  isolated 
were  more  vigorous  producers  of  pyocyanin.  In  fact  there  can  be 
no  objection  to  the  view  that  the  cultures  of  "  B.  pyocyaneus  "  that 
are  not  uncommonly  found  in  laboratory  collections  and  that  secrete 
only  the  fluorescent  pigment  are  nothing  but  degenerate  offspring, 
so  to  speak,  of  a  parent  stock  that  originally  produced  both  pigments. 
Such  evidence  as  we  possess  is  distinctly  in  favor  of  the  view  that  the 
pyocyanigenic  property  is  sometimes  spontaneously  lost  while  the 
fluorescigenic  pei*sists.  The  former  "  function  "  can  hardly  be  looked 
upon,  then,  as  more  "  essential  ''  than  the  latter. 

Cultural  Modifications. — GessardiJ:  was  among  the  first  to  call  atten- 
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(idii  t'l  (lie  |t(is>iliilit  V  (if  iii;iimt':ict  uiMiiii  iicw  niccs  oi  15.  |i\  ncvnucus 
bv  sultjct-tiiiii-  iMilhircs  in  ilitrcrciit  cniiililKiiH.  Accordiii^  ti»  tlii> 
aiitlR»r  the  "  t_vj>ic;il  "  nice,  vii'ltliiiu'  hotli  pyocvaiiiii  niid  llnorcsccnl. 
piiiiuont,  ooukl  l)i'  cmhivi  rtcd  into  a  raoo  possessed  oidy  of  the  tiuorese- 
igenic  property  either  l»y  the  action  of  heat  (five  niimites'  exposure 
to  57°  C)  or  by  passaut'  thniuiili  the  ImkIv  df  a  ralihit;  a  pyocyaiii 
genie  raee,  on  the  other  hand,  couUl  be  created  by  urowth  of  the 
typical  raee  for  a  series  of  generations  upon  egg-albunien:  wliile  by 
the  action  of  heat,  by  passage  through  the  l)ody  of  a  rabi)it  or  by  spon- 
taneous degeneration  th(»  jivocyanigenic  race  coultl  be  changed  into 
a  race  incapable  of  producing  any  pigment;  by  the  action  of  heat, 
too,  the  fluorescigenic  race  could  be  converted  into  a  non-pignnented 
variety. 

Acting  upon  these  statements  I  have  attempted  to  abolish  or  m<Klify 
the  pyocyanigenic  power  of  B.  pyocyaneus,  Rush,  by  several  methods. 
One  of  the  first  to  be  carried  out  was  the  passage  through  succ<?ssive 
cultures  in  media  particularly  favorable  to  the  production  of  fluor- 
escent pigment,  with  the  aim  of  developing  some  latent  fluorescigenic 
power,  but,  as  I  have  stated  above,  a  series  of  ten  generations  in  a 
standard  succinate-sulfate-phospliate  solution  did  not  perceptibly  affect 
the  amount  of  pyocyanin  produced  and  there  was  not  the  slightest 
approximation  towards  a  fluorescigenic  variety;  on  the  other  hand,  B. 
pyocyaneus  a,  when  grown  in  the  same  sulfate-phosphate  medium, 
continued  to  produce  only  the  fluorescent  piginent  after  a  parallel 
series  of  transfers.  In  ammonium  tartrate  solution  no  pigment  is 
produced  by  either  variety  during  the  course  of  five  generations,  but 
on  transfer  to  ammonium  succinate  tlie  pigment  characteristic  of  each 
reappears  in  the  first  generation. 

Following-  tbe  method  suagested  bv  Gessard,  I  subiected  a  fluid 
culture  of  B.  pyocyaneus,  Rush,  to  a  temperature  of  o~°  C.  for  5 
minutes,  but  this  procedure  failed  to  destroy  the  pyocyanigenic  power, 
although  development  was  slightly  retarded  in  the  subculture. 
JSTicolle  and  Zia  Bey-  obtained  a  result  similar  to  my  own  when 
they  applied  the  heat  method  to  some  recently  isolated  cultures  of 

*  Anil,  de  Vlnst.  Pasteur,  x,  p.  669. 
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B.  pvocyaneus,  but  Jakowski'^-'  has  corroborated  Gessard's  statement, 
that  the  pyocyanigenic  power  is  abolished  in  a  culture  warmed  for  5 
minutes  at  57°  C.  Different  races  possibly  differ  in  this  regard. 
Xeither  Jakowski  nor  Xicolle  and  Zia  Bey  on  the  other  hand  observed 
any  loss  of  pyocyanigenic  power  when  the  organism  was  passed 
through  the  body  of  rabbits.  ]\Iy  own  experiments  with  animals 
were  made  with  mice  and  guinea-pigs,  and  are  hence  not  strictly 
comparable  with  Gessard's,  but  in  these  animals  at  least  no  alteration 
of  the  chromogenic  function  could  be  obser^'ed  in  cultures  isolated 
after  death  from  the  heart's  blood,  the  kidneys,  spleen  or  liver. 
Kukula,  as  quoted  by  Ruzicka,  f  obseiwed  sometimes  exaltation,  some- 
times attenuation  of  the  chromogenic  power  when  B.  pyocyaneus  was 
passed  through  the  animal  body. 

A  particular  interest  attaches  to  modification  experiments  in  view 
of  Ruzicka's  recent  comparative  studies:{:  upon  cultures  of  "  B.  pyo- 
cyaneus "  and  "  B.  fluorescens  liquefaciens."  The  close  relationship 
existing  between  cultures  of  organisms  bearing  these  names  has  long 
been  recognized.  Intermediate  forms  are  common,  and  no  hard  and 
fast  line  can  be  drawn  between  the  "  varieties  "  of  the  two  "  species." 
The  ability  to  grow  and  produce  pigment  at  37°  C.  is  perhaps  as  dis- 
tinctive of  B.  pyocyaneus  as  any  single  physiological  character,  but 
the  well-known  abilit}'  of  bacteria  to  adapt  themselves  to  varying 
temperatures  and  the  actual  existence  of  a  whole  series  of  "  liquefying 
fluorescent  bacteria  "  that  vary  in  behavior  to  temperature  under  nat- 
ural conditions  do  not  permit  us  to  lay  much  stress  upon  this  point  of 
difference.  Eiizicka  attaches  some  importance  to  a  freer  growth 
of  B.  pyocyaneus  beneath  the  surface  of  gelatin  or  agar  media,  but 
as  I  have  stated  elsewhere  in  this  paper,  I  have  not  found  a  uniform 
behavior  in  this  regard  among  the  various  pyocyanin-producing  cul- 
tures in  my  possession.  As  respects  indol-formation,  nitrate  reduc- 
tion, action  upon  milk  and  growth  in  the  ordinary  nutrient  media,  I 
share  Ruzicka's  opinion  that  almost  all  characters  and  combinations 
of  characters  can  be  found  among  members  of  this  group  of  organ- 

*  Zeitschr.  f.  Eyg.,  xv,  p.  474. 
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isms.  One  fulluix'  will  toiin  iiulnl,  urdw  iit  .'57'  ('.  mid  i-cduce 
nitrate;  another  will  not  form  indol  Imt  will  aiiree  with  tlie  first  in  all 
other  characters,  and  so  on  througli  a  long  series  in  which  all  possible 
combinations  of  physiological  capacities  seem  to  \)o  represented  among 
the  cells  of  one  or  another  cultnre. 

Ruzicka  docs  not,  however,  ap]>ear  to  grasp  the  full  significance 
of  the  difference  between  ''  B,  pyocyaneus "  and  "  B.  fluorescens 
liqnefaciens "  in  the  matter  of  pigment  production.  Gessard's  ex- 
l)eriments  consisted  simply  in  removing  the  power  to  form  one  or  the 
other  pigment  from  an  organism  originally  capable  of  forming  both 
])igmcnts.  I  have  not  been  able  to  find  in  the  literature  a  single 
satisfactory  instance  of  the  acquisition  of  pyocyanigenic  power  by  an 
organism  primarily  devoid  of  this  property.  Kruse  and  Pasquale* 
mention  the  discovery  of  an  organism  resembling  B.  pyocyaneus  ex- 
cept in  ability  to  produce  pigment,  but  do  not  affirm  that  it  acquired 
chromogenic  power  on  cultivation.  Remlingerf  records  the  occur- 
rence of  a  non-chromogenic  variety  in  splenic  pulp  and  states  that 
color  appeared  after  the  sixth  or  seventh  sowing  in  broth,  but  I  have 
not  been  able  to  satisfy  myself  that  this  statement  necessarily  implies 
acquisition  of  pyocyanigenic  power.  Kuzicka:}:  describes  an  ex|)eri- 
ment  upon  the  transformation  of  one  variety  into  another  in  the 
course  of  which  he  noticed  the  formation  of  a  "  gesiittigt  blaugriinen 
Farbstoff  "  in  a  typical  culture  of  B.  fluorescens  liqnefaciens,  but  his 
description  is  not  sufficiently  detailed  to  carry  conviction  upon  the 
point  at  issue. 

I  have  made  a  number  of  experiments  designed  to  augment  the 
pyocyanigenic  power  of  my  cultures  and  to  evoke  the  power  in  cul- 
tures in  which  it  was  latent,  but  thus  far  with  only  indifferent  success. 
The  pyocyanigenic  power  of  B.  pyocyaneus.  Rush,  was  very  slightly 
but  perceptibly  increased  by  passage  through  a  series  of  cultures  in 
ordinary  peptone  broth  and  the  pigment  was  produced  more  rapidly 
and  abundantly  at  the  end  of  eight  transfers  than  at  the  beginning. 
Similar  attempts  to  increase  the  amofint  of  pyocyanin  formed  by  B. 

*  Zcitschr.  f.  Hyg.,  xvi,  p.  63. 

■f  Arch.  de.  med.  exp.,  1S9S,  x,  p.  167. 

$  Op.  cit..  p.  173. 
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pvocvaneiis,  Albany,  and  B.  pyocyaneus,  Mich.,  did  not  prove  suc- 
cessful, and  no  pyocyanin  at  all  was  produced  by  B.  pyocyaneus  peri- 
card,  during-  the  course  of  fifteen  generations.  A  series  of  sowings 
in  nutrient  gelatin  did  not  exalt  in  any  degTee  the  pyocyanigenic 
power  in  the  three  organisms  that  manifested  it  only  in  this  medium. 
In  this  respect  there  is  an  agreement  with  what  is  noticed  concerning 
the  indolfacient  power  of  the  organisms. 

There  is,  as  might  be  expected,  a  difference  in  chromogenic  power 
among  the  cells  of  one  and  the  same  culture.  B.  pyocyaneus,  Mich., 
for  example,  was  plated  from  a  pure  culture  obtained  from  a  single 
colony  in  the  usual  way.  From  nine  separate  colonies  selected  at 
random  from  the  gelatin  plate  nine  separate  tubes  of  standard  am- 
monium succinate  solution  were  inociilated.  Fluorescent  pigment 
made  its  appearance  in  one  tube  on  the  fourth  day  after  inoculation, 
in  five  more  on  the  fifth  day,  in  two  more  not  until  the  eleventh  day 
and  in  the  ninth  tube  no  pigment  appeared  imtil  the  fifteenth  day. 
After  twenty-four  days  the  cultures  were  tested  for  pyocyanin  and 
eight  tubes  showed  the  presence  of  this  pigment  accompanying  the 
fluorescent.  The  ninth  tube  (one  of  those  in  which  fluorescent  pig- 
ment appeared  on  the  fifth  day)  contained  no  pyocyanin,  and  further 
experiment  showed  that  the  descendants  of  this  cell  were  devoid  of 
pyocyanigenic  power. 

Other  Pigments. — The  production  of  other  pigments  besides  the 
blue  and  the  blue-green  has  been  mentioned  by  some  authors.  Charrin 
and  de  Nittis*  observed  the  simultaneous  formation  of  black,  blue, 
green  and  yellow  pigments  in  one  and  the  same  culture.  The  vellow 
or  yellow-brown  pigment  is,  as  I  have  shown  elsewhere,  an  oxidation 
product  of  the  green  fluorescent  pigment  and  is  commonly  seen  in 
old  cultures  and  among  races  beginning  to  lose  fluorescigenic  power. 
The  black  pigment  has  been  recently  attributed  by  Gessardf  to  the 
oxidation  of  tyrosin.  I  have  observed  the  formation  of  the  black  pig- 
ment in  old  agar  and  gelatin  cultures  of  B.  pyocyaneus,  Kush,  B. 
pyocyaneus,  Mich.,  and  B.  pyocyaneus,  Albany;  in  other  words,  in 
the  races  that  produce  pyocyanin  most  vigorously.     B.  pyocyaneus, 


*  Compt.  rend.  Soc.  de  hiol.,  1898,  p.  721. 
t  Compt.  rend.  Soc.  de  hiol.,  1898,  p.  1033. 
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Kusli,  wliicli  is  liv  I'.'ir  the  l.ol  innduccr  ot'  jA'ocyniiiii  tlinl  liiis  coiiut 
into  iiiv  liaiiils.  (lf\('l«i|is  I  lie  liLick  |iii:iii('iil  iimst  iirolnscly.  To  tx'st 
llio  rchilidii  of  this  piiiiucut  to  tyrosiii,  I  iiiociil:ilc(l  ;i  solution  of  0.05 
])('!•  cent  tyrosin  (^Icrck),  0.1  jicr  cent  nenlral  sodinui  ])liosj)hate  and 
0.1  jier  cent  inaiiiiesiuni  sulfate  witli  the  sevei-al  cnltures.  (Jrowtli 
oeeiin'ed  with  all,  Imt  not  quite  so  aliniKJanlly  as  in  tlie  ainnioniuni 
siiecinnte  niedinni.  1!.  ])yocyaiiens.  Rush,  foi'nied  pyocyanin  (luito 
abundantly  bnt  rather  slowly,  the  first  apjx'arance  (»f  the  pi<inient 
lieinji"  noticed  in  12  days;  B.  ]nocyanens,  Mich.,  and  11  ])vocyaneiis, 
Albany,  formed  both  ]»yocyanin  and  fluorescent  piginent,  Init  in  scanty 
amounts.  The  chromogenic  behavior  of  these  organisms  in  a  tyrosin 
medium  does;  not,  therefore,  differ  nuiterially  frcjm  their  behavior 
in  an  ammonium  succinate  solution.  The  culture  of  B.  pyocyaneus, 
Rush,  in  tyrosin,  which  was  kept  in  tJie  dai'k,  contained  only  pyo- 
cyanin  ami  had  no  trace  of  black  pigment  at  the  end  of  11-3  days.  The 
black  pigment  is,  in  fact,  due  to  the  oxidation  of  the  pyocyanin.  Ex- 
posure of  a  pyocj'anin  solution  (an  old  ammonium  succinate  culture 
of  E.  pyocyaneus,  Rush)  to  tlie  action  of  strong  north  light  causes  a 
change,  first  to  a  bottle-green  hue,  then  to  a  brownisli-black;  the  same 
change  goes  on  in  the  dark  in  some  media,  but  very  much  more  slowly 
than  in  tubes  exposed  to  daylight.  This  change  is  one  of  oxidation, 
as  is  shown  by  the  fact  that  a  dilute  solution  of  potassium  per- 
manganate added  gradually  to  a  pyocyanin  solution  produces  exactly 
the  same  conversion  of  the  blue  into  the  bottle-green  and  then  into  the 
black  pigment,  as  is  wrought  more  slowly  by  the  action  of  light  and 
air.*  I  have  elsewhere  shownf  that  the  conversion  of  the  fluorescent 
pigment  into  the  yellow-brown  depends  upon  a  similar  oxidizing  pro- 
cess. The  formation  of  four  pigments,  then,  can  be  easily  explained 
on  the  basis  of  the  oxidation  of  the  blue  and  the  fluorescent  pigments 
into  black  and  yellow  respectively.  The  almost  unifomi  occurrence 
of  a  yellow-brown  tint  in  old  stock  cultures  of  B.  pyocyaneus  that 
have  lost  their  ability  to  form  either  pyocyanin  or  fluorescent  pigment 
may  be  most  plausibly  referred,  perhaps,  to  an  accentuation  of  oxi- 

*  Charrin  and  de  Xittis,  Joe.  cit.,  state  that  the  black  pigment  is  produced 
at  the  surface  of  the  agar. 

t  Botanical  Gazette,  1899,  xxvii,  p.  19. 
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dizing  processes,  and  the  real  explanation  of  the  loss  of  pyocyanigenic 
and  fliiorescigenic  power  may  perhaps  lie  in  the  impetus  given  to 
metabolic  processes  of  oxidation  by  the  conditions  of  life  in  our  arti- 
ficial peptone  media.  It  must  not  be  forgotten  that  both  pyocyanin 
and  the  fluorescent  pigment  are  themselves  oxidation  products  of 
colorless  substances. 

Natural  Varieties. — The  confusion  into  "which  the  study  of  B. 
pyocyaneus  and  its  varieties  has  fallen  is  in  part  due  to  the  rapid 
degeneration  of  many  stock  cultures  under  conditions  of  artificial  culti- 
vation and  the  consequent  disappearance  of  all  chromogenic  power, 
and  in  part  also  to  the  occurrence  of  natural  varieties  characterized 
by  considerable  physiological  divergence.  The  most  common  natural 
variety,  to  judge  from  an  examination  of  the  literature,  as  well  as  from 
the  study  of  a  number  of  freshly  isolated  cultures  that  I  have  obtained 
from  different  sources,  is  the  one  that  produces  both  pyocyanin  and 
the  fluorescent  pigment.  This  is  the  variety  that  was  originally 
described  and  studied  by  Gessard,  and  I.  would  suggest  that  the  name 
B.  pyocyaneus,  var.  a  be  given  to  freshly  isolated  cultures  possessed  of 
this  double  chromogenic  power.  The  culture  with  which  Ernst 
worked"  and  to  which  he  gave  the  designation  of  "a,"  was,  so  far 
as  I  can  determine  from  his  description,  a  cultm'e  wholly  devoid  of 
pyocyanigenic  power  and  one  that  produced,  while  in  his  hands,  only 
the  fluorescent  pigment,  f  The  most  natural  inference  is  that  in 
respect  to  pyocyanin  production  this  culture  was  degenerate.  Many 
cultures  seem  overtaken  by  this  fate.  It  is  perhaps  fair  to  assume 
that  the  large  number  of  cultures  found  in  laboratory  collections 
bearing  the  name  of  B.  pyocyaneus,  but  Avithout  any  power  to  pro- 
duce pyocyanin,  are  degraded  scions  of  a  more  vigorous  parent  stock.:}: 
It  is  worthy  of  note  that  the  pyocyanigenic  property  is  apparently  the 
first  to  be  lost.     I  have  never  observed  a  case  where  the  fluorescigenic 

•"  Zeitschr.  f.  Hi/g.,  ii,  p.  369. 

t  Cf.  e.  g".  the  statement  on  p.  373,  op.  cit.,  that  the  color  of  cultures  of  the 
rt-bacillus  disappears  when  viewed  by  gaslight. 

t  The  failure  to  preserve  unimpaired  the  original  pyocjanigenic  power  is 
clearlj^  shown  in  the  usual  inabilitj-  of  old  cultures  to  manifest  the  "  chame- 
leon phenomenon,"  while  most  freshly  isolated  cultures  display  this  power 
(cf.,  for  example,  Schiirmayer  (cited  below)  and  Lartigau  (/or.  cit.). 
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powxT  Wiis  lost  by  sponlain'uus  degciK'niliuii  wliilc  llic  ])yoeyiiiii<j;cnic- 
persisted,  nor  have  1  found  mention  of  sneh  a  case  in  the  literatnrc. 

It  is  a  matter  of  i-ommoii  experieiicc  lliat  llici-c  is  j^rcat  divei*sity 
among  cultnres  of  B.  pyocyanons  as  regards  rapidity  of  degeneration. 
Some  lose  the  power  to  ]n*odnce  cither  pyocyanin  or  fluorescent  pig- 
ment Avithin  a  short  time  after  isolation;  others  weaken  qnickly  in 
pyocyanigenic  power,  hut  retain  the  flnorescigenic  nuudi  longer; 
others  again,  but  these  are  the  rarer  cases,  show  ahiiost  un- 
diminished capacity  for  the  formation  of  pyocyanin  and  fluorescent 
pigment  through  a  long  series  of  generations.  B.  pyocyaneus,  Mich., 
is  the  most  notable  instance  of  the  last  group  with  which  I  am 
acquainted  and  is  a  marvelously  stable  variety;  it  has  shown  no  atten- 
uation in  chromogenic  power  during  the  three  years  and  a  half  I 
have  had  it  under  observation. 

In  the  relative  proportion  of  pyocyanin  and  fluorescent  pigment 
there  is  likewise  considerable  variation  among  freshly  isolated  cul- 
tures. jSTew  varieties  have  even  been  founded  by  some  authors  upon 
the  differing  nuances  of  color  due  to  varying  admixtures  of  the  two 
pigments,  but  the  advisability  of  such  distinctions  is  questionable. 
It  must  be  acknowledged  that  there  are  found  races  of  the  variety 
that  I  have  termed  var.  a,  some  of  which  are  more  or  less  sharply 
distinguished  from  one  another  by  intensity  and  persistency  of  pig- 
ment production  as  well  as  by  such  physiological  traits  as  the  formation 
of  indol,  reduction  of  nitrates  and  growth  on  potato,  but  it  must  be 
left  to  future  bacteriological  investigation  to  intei*pret  the  significance 
of  these  deviations  and  to  determine  to  what  extent  subvarieties  and 
races  shall  be  established. 

The  culture  I  have  designated  as  B.  pyocyaneus,  Eush,  produces 
only  pyocyanin  under  ordinary  conditions  of  cultivation,  and  has 
resisted  all  my  attempts  to  communicate  to  it  any  flnorescigenic  power. 
I  W'Ould  suggest  that  the  name  B.  pyocyaneus,  var.  y?,  be  employed 
to  distinguish  this  non-fluorescigenic  variety.  I  am  unable  to  deter- 
mine whether  the  variety  studied  by  Ernst,*  and  designated  by  him 
as  the  "  i'^  variety,"  produced  only  pyocyanin,  but  the  coloring  of  his 

*  Zeitsclir.  f.  Eyg.,  ii,  p.  369. 
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figures  {op.  cit.,  p.  372),  and  the  peculiar  liquefaction  of  gelatin  there 
shown,  together  with  the  statement  regarding  tardy  appearance  of  the 
color,  suggest  that  this  may  have  been  the  case.  Schiimiayer*  and 
Jakowskii  both  worked  with  cultures  of  the  pyocyanigenic-fiiuoresci- 
genic  variety,  which  I  have  called  the  "  a  "  variety.  ^N^icolle  and  Zia 
Bey:};  also  appear  to  have  been  dealing  with  the  a-variety,  although 
they  state  that  their  four  cultures  were  "  much  more  pyocyanigenic 
than  the  type."  I  have  not  been  able,  in  fact,  to  find  in  the  literature 
any  unimpeachable  statement  of  the  existence  of  a  purely  pyocyani- 
genic variety  such  as  I  have  worked  with,  although  it  is  not  difficult  to 
discover  instances  where  the  pyocyanigenic  power  of  a  culture  has 
been  recognized  to  be  much  higher  than  is  usually  the  case. 

The  occurrence  of  a  fluorescigenic  variety  seems  to  be  more  com- 
mon. The  variety  I  have  termed  the  a-variety  frequently  degenerates 
spontaneously  into  this.  The  chief  difference  between  this  variety 
and  the  organism  called  B.  fluorescens  liquefaciens  seems  to  lie  in  the 
difference  of  temperature  optimum  and  perhaps  in  behavior  in  the 
animal  bodj'  (Ruzicka).  I  have  not  been  able  to  confirm  Ruzieka's 
obseiwations  respecting  a  constant  difference  in  gelatin  stab-cultures. 
It  is  a  tempting  hypothesis  that  B.  fluorescens  liquefaciens  is  a  degen- 
erate or  modified  form  of  B.  pyocyaneus,  but  more  convincing  evi- 
dence than  we  now  possess  is  needed  to  establish  this  point. 

The  natural  occurrence  of  a  non-ehromogenic  variety  has  been 
affirmed  by  Remlinger§  and  other's.  Ivruse  and  Pasquale|i  have 
recorded  the  finding  of  a  non-chromogenic  variety  exactly  like  the 
ordinary  B.  pyocyaneus,  but  without  power  to  produce  pigment.  I 
have  not  been  able  to  obtain  a  natural  variety  of  this  kind.  It  will 
be  generally  recognized  that  the  method  of  repeated  transfer  of  such 
a  variety  from  one  tube  of  fluid  culture  to  another  (Remlinger)  is 
open  to  objection  unless  frequent  control  platings  are  carried  out. 
My  own  attempts  to  restore  chromogenic  power  to  spontaneously  or 
artificially  etiolated  cultures  have  failed. 

*  Zeitschr.  f.  Hiji/.,  xx,  p.  281. 
t  Zeitschr.  f.  Hyy.,  xv,  p.  474. 
%  Ann.  de  I'Inst.  Pasteur,  p.  069. 
§  Of),  cit. 

II  Op.  at. 
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CONCLUSIONS. 


The  pnm'i]tal  roiu-hisioiis  that  sconi  to  mo  jiistiticd  arc  as  foHows: 
1.   The  lliiorescent   piiiinent   fornied  liy  seine   varieties  of  T>.   ]tyo- 
eyaiieus  is  produced  luicU'r  c-onditioiis  i<h-iitical  with  those  governing 
tlie  jn-odiietion  of  tlu-  jtiunicnt  hy  otlicr  "  fluorescent  bacteria."* 

•2.  The  production  of  jn'ocyanin  is  not  de|)endent  upon  the  pres- 
ence of  either  phosphate  or  sulfate  in  the  culture  medium.  It  is 
formed  in  non-proteid  as  well  as  in  proteid  mc<lia,  l)ut  is  not  a  nec- 
essary aeeompaniment  of  the  metabolic  activities  of  tlie  organisui 
(e.  g.  tartrate  solution). 

3.  The  power  of  producing  pyocyanin  under  conditions  of  artificial 
cultivation  is  lost  sooner  than  the  fluorescigenic  power. 

4.  There  are  greater  natural  and  acquired  differences  in  pyocyani- 
genic  power  than  in  fluorescigenic. 

.5.  The  fluorescent  pigment  may  be  oxidized  slowly  by  the  action 
of  light  and  air  as  well  as  by  reagents  into  a  yellow  pigment,  and 
pyocyanin  may  be  similarly  oxidized  into  a  black  pigment. 

n.  A  convenient  separation  of  B.  pyocyaneus  into  four  varieties 
would  be  the  following:  var.  a,  pyocyanigenic  and  fluorescigenic 
(most  common);  var.  ,i,  pyocyanigenic  only  (rare);  var.  ;',  fluoresci- 
genic only  (not  uncommon,  closely  related  to  "13.  fluorescens  lique- 
faciens");  var.  o,  non-chromogenic. 

7.  Except  for  the  occasional  loss  of  one  or  another  function  the 
diiferent  varieties  are  not  so  plastic  as  sometimes  assumed,  and  cannot 
be  readily  converted  into  one  another  by  subjection  to  varying  condi- 
tions of  life. 

8.  The  signification  and  correlation  of  the  almost  countless  physio- 
logical variations  among  the  members  of  this  group  in  respect  to 
growth  in  gelatin,  behavior  to  temperature,  indol  production,  etc., 
remain  to  be  determined.  It  is  not  yet  clear  that  the  variations  in 
chromogenic  power  can  be  in  any  w^ay  correlated  with  the  presence 
or  absence  of  other  physiological  functions. 

"  Cf.  BiAanical  Gazette,  xxvii,  p.  19. 
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A  PllELlMIA'AKY  .\OTE  Ox\  THE  FRACTION  A  I.  PKECiri- 
TATIOX  OF  THE  GLOBULIN  AND  ALBUMIN  OF 
NOEMAL  HORSE'S  SERUM  AND  DIPHTHERIC  ANTI- 
TOXIC SERUM,  AND  THE  ANTITOXIC  STRENGTH  OF 
THE  PRECIPITATES. 

By  JAMES  P.  ATKINSON,  M.  S. 
(Frui)i  the  Research  Lnhomtory ,  Department  of  Health,  City  of  New  Yoi-k.) 

It  has  been  shown  by  investigators  that  the  globulin  of  tetanus 
and  diphtheria  antitoxic  sera,  when  separated  from  the  sera,  carries 
with  it  the  antitoxic  power  of  the  sera.  It  has  not  been  proved,  how- 
ever, that  the  ''  antitoxin  "  is  a  globulin.  My  work  of  the  past  two 
years  has  been  directed  to  the  study  of  the  proteids  of  different  anti- 
toxic sera,  especially  diphtheria  antitoxic  serum. 

An  article  in  the  Zeitschrift  fiir  Hygiene  unci  Infectionslci'ank- 
heiten  (1889,  xxxi,  p.  513)  by  Dr.  W.  Seng,  entitled  "  Ueber  die  quali- 
tativen  und  quantitativen  Vcrhaltnisse  der  Eiweisskorper  im  Diph- 
therieheilserum,"'  suggests  to  me  that  it  would  be  well  to  publish  a 
preliminary  note  on  my  work. 

When  the  globulin,  which  has  been  separated  from  horse's  serum  by 
means  of  magnesium  sulphate  and  purified  by  dissolving  in  water, 
reprecipitating  and  washing  with  a  saturated  magnesium  sulphate  solu- 
tion, is  dissolved  in  water,  and  this  solution  of  purified  globulin  is 
saturated  with  sodium  chloride,  a  precipitate  is  fomied.  This  I  will 
call  the  room  temperature  precipitate  (R°  ppc).  If,  after  the 
removal  of  the  R°  precipitate  by  filtration,  the  temperature  of  the 
filtrate  be  raised  to  40°  C,  a  little  more  salt  having  been  added  to 
insure  saturation,  a-  turbidity  appears  in  the  fluid  and  when  the 
temperature  of  44°  or  45°  C.  is  reached  the  precipitation  is  complete 
for  this  temperature. 

Proceedino-  in  the  same  manner  one  obtains  a  third  turbiditv  at  49° 
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C  and  complete  precipitation  at  53°  C,  a  fourth  turbidity  at  57°  C. 
and  complete  precipitation  at  62°  C,  and  finally  a  fifth  turbidity  at 
67°  C.  and  complete  precipitation  at  72°  C.  These  precipitates  dis- 
solve in  water,  except  a  very  small  quantity  of  that  obtained  at  72°  C.^ 
which  is  insoluble  in  water  but  redissolves  immediately  when  treated 
with  weak  sodium  hydroxide. 

Exactly  the  same  reactions  occur  when  diphtheric  antitoxic  serum 
is  employed  instead  of  normal  horse's  serum.  In  both  sera  the  final 
filtrates  fail  to  give  the  biuret  reaction,  and  on  boiling  and  subsequent 
addition  of  a  little  acetic  acid  show  no  turbidity.  Each  one  of  the 
separate  fractions  of  the  antitoxic  globulin  possesses  an  antitoxic  power 
while  the  final  filtrate  is  free  from  antitoxin. 

After  the  globulin  precipitated  by  the  magnesium  sulphate  in  both 
the  normal  and  diphtheric  antitoxic  sera  has  been  filtered  off,  the 
albuminous  filtrate  is  saturated  with  sodium  chloride.  One  then  finds 
that  an  albuminous  precipitate  is  not  formed  at  room  temperature.  A 
double  salt  which  is  formed  by  the  magnesium  sulphate  and  sodium 
chloride  is  removed  by  filtration  and  the  filtrate  is  raised  in  tempera- 
ture to  56°  C.  when  a  turbidity  is  formed.  At  61°  C.  the  precipita- 
tion is  complete.  At  68°  C.  a  second  turbidity  appears  and  can  be 
filtered  off  at  72°  C.  At  73°  C.  a  third  turbidity  appears  and  at  76=  C. 
this  precipitation  is  complete.  Finally  at  77°  C.  a  slight  turbidity 
appears  and  at  81°  C.  the  precipitation  is  complete.  The  final  filtrates 
from  the  81°  precipitation  fail  to  give  the  biuret  reaction,  and  on 
boiling  and  subsequent  addition  of  acetic  acid  show  no  turbidity. 

The  albumin  precipitated  at  56°  C.  is  soluble  in  water.  The  other 
three  precipitates  are  partially  soluble  in  water,  and  completely  so  in 
sodium  hydroxide. 

In  a  paper  which  will  shortly  appear  I  shall  give  the  quantitative 
relations  between  the  corresponding  fractions  of  the  normal  and  anti- 
toxic globulin  and  albumin,  and  the  antitoxic  value  of  the  fractions 
of  the  antitoxic  globulin. 
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